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UMMUM

A. Viral Oncology Program (VOP) - Virus Cancer Program (VCP )

1. Introduction

The Viral Oncology Program (VOP) is responsible for planning and conducting
the Institute's program of coordinated research on the role of viruses in

cancer. Scientists within the VOP conduct laboratory investioations and
assist in the management of a collaborative program, the Virus Cancer Program
(VCP). These Programs have the following goals: (1) to search for viruses
or virus genetic information related to the initiation of human cancer,
(2) to elucidate the process by which normal cells become malignant using
viruses as probes, and (3) to develop preventive and therapeutic measures
for the control of human cancers. These efforts contribute to Research
Objectives 1 through 6 of the National Cancer Program.

The Research Logic for the VCP, based on the premise that a virus or viral
genetic information persists in the host and is involved in the induction of
cancer, is continually updated. The plan is reviewed regularly by the
Director, NCI; the Director, Division of Cancer Cause and Prevention, NCI;
the National Cancer Advisory Board, NCI; the Executive Committee, NCI;
the Cause and Prevention Executive Staff, NCI; and the VCP Advisory Committee.
The yearly budgets from the inception of the targeted Program in 1964 to the
present and the number of professional positions are given in Table 1.
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2. Organization

a. Viral Oncology Program (VOP)

The Viral Oncology Program (VOP) and the Virus Cancer Program (VCP) have
been organized as an integrated structure. The Office of the Associate
Director, Viral Oncology Program, is responsible for the coordination of
both the intramural and the collaborative research programs in cancer
virology. In November, 1975, the Viral Oncology Program completed a major
reorganization. The changes, made with the approval of the Director, NCI
and the Director, DCCP, NCI were effected to: (1) separate the operations
of the intramural (VOP) and the collaborative or contract program (VCP);

(2) recognize changes in emphasis in virus-cancer research; (3) provide
new research opportunities for intramural scientists; (4) maintain high
productivity among the scientific staff; and (5) attract new intramural
scientists and program leaders.

In compliance with a general directive issued by DHEW, the Viral Oncology
Area has become the Viral Oncology Program (VOP). The Office of the
Associate Director, VOP, created four Laboratories (formerly three Branches)
and one new Branch (the Collaborative Research Branch). Each of these sub-
divisions has several sections, as listed in the Summary of Intramural
Organization.

The term "laboratory" is now used to describe the major intramural sub-
divisions. The term "branch" refers exclusively to the extramural or
collaborative program. The functional statements for each Office,
Laboratory and Branch are given below; functional statements for Sections
are found in Laboratory reports. In general, the names of each Laboratory
have been changed to reflect more accurately the major research mission. Two
new laboratories, the Laboratory of Tumor Virus Genetics and the Laboratory
of DNA Tumor Viruses, were created to recognize the increased emphasis on

molecular-genetic approach to cancer-virus studies and the role of DNA
viruses in cancer.

Functional Statements

Viral Oncology Program . (1) Plans, directs, coordinates, and evaluates a

program of basic and applied research regarding viruses as etiological
agents of cancer; (2) establishes program priorities, allocates resources,
integrates the projects of the various branches, evaluates program effective-
ness, and represents program area in management and scientific decision-making
meetings within the Institute; (3) through intramural laboratories and
contracts, administers research in biochemistry, tumors, genetics, pathology,
biohazards, immunology, the environment and viral and cell biology;
(4) advises the Director of the Division and supports the activities of the
National Cancer Advisory Board and other scientific advisory committees.

1124



Office of Pronram Resources and Logistics . Plans, initiates, and maintains
a coordinated program to anticipate and meet the needs of the Viral Oncology
Program (intramural and collaborative) for research resources and logistical
support, including selection of appropriate contractors and management of

contracts and the distribution of research materials. Develops and maintains
a computerized inventory and management information system for the resources
acquired and utilized by the Program.

Office of Biohazard Safety . Performs research in virology, aerobiology,
mammalian physiology, and biochemistry in order to evaluate the risk involved

to the host under stress when exposed to infectious agents. Develops and

recommends equipment and procedures for handling of potentially biohazardous
materials and disseminates this information to the scientific community and

to research laboratories throughout the world.

Collaborative Research Branch . Participates in the planning, development and

scientific administration of a program of collaborative research conducted

within the Virus Cancer Program on viruses as etiologic agents of cancer in

man and other animals and on the control of tumor viruses and/or their

induced diseases.

Laboratory of RNA Tumor Viruses . Plans and conducts research on the role of

endogenous RNA viruses in natural and induced cancers of animals and man.

Develops and applies methods for the prevention and control of cancers by

vaccination with RNA viruses and by treatment with inhibitory host cell

factors. Studies mechanisms of tumor suppression by chemotherapeutic and

immunotherapeutic agents and/or combinations of these.

Laboratory of DNA Tumor Viruses . Plans and conducts research on DNA viruses

to define their role in the development of cancers in animals and man.

Develops and applies biological, biochemical, and immunological orocedures

to obtain evidence for virus genetic expression in neoplastic cells.

Conducts investigations to determine the mechanisms by which cellular gene

expression, viral gene expression, and interactions between viruses influence

transformation of cells.

Laboratory of Tumor Virus Genetics . Plans and conducts research to determine

the molecular basis for the etiology of cancers. Conducts studies using

molecular techniques to detect viral genes responsible for oncogenesis and

to prevent their action. Develops assays for detection and characterization

of gene products involved in cellular transformation to malignancy. Elucidates

the mechanisms by which the host reaulates the expression of oncogenic viruses.

Laboratory of Viral Carcinogenesis . Plans and conducts research on virus-

host relationships in virus-induced cancers with emphasis on the detection

and characterization of oncogenic viruses and the mode of viral transmission
in animals and man. Studies the interactions of viral and cellular genes.

Studies host immune mechanisms related to the control of virus-induced cancers.

Conducts investigations on molecular processes in viral carcinogenesis.
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Summary of Intramural Organization fl

OFFICE OF THE ASSOCIATE DIRECTOR, VIRAL ONCOLOGY PROGRAM

— Office of Program Resources and Logistics

Office of Biohazard SafetyLurnce or tnonazara barety j
— Biohazards Research Section

"

Collaborative Research Branch

RNA Virus Studies Section
DNA Virus Studies Section
Clinical Studies Section
Breast Cancer Virus Studies Section

Laboratory of RNA Tumor Viruses

— Molecular Biology Section
Viral Genetics Section
Animal Virology and Field Studies Section— Viral Immunotherapy Section— Virus Disease Modification Section

Laboratory of DNA Tumor Viruses

— Microbiology Section—

-

Virus Tumor Biology Section— Virus Tumor Biochemistry Section— Primate Virus Section— Cell Physiology Section

Laboratory of Tumor Virus Genetics

— Molecular Virology Section— Viral Biochemistry Section
Viral Immunogenetics Section

Laboratory of Viral Carcinogenesis

— Virus Control Section
Immunology Section— Viral Pathology Section— Ultrastructural Studies Section— Cell Biology Section— Viral Leukemia and Lymphoma Section
Tumor Virus Detection Section

i
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b. The Virus Cancer Program (VCP)

Background . The responsibility for the overall coordination of the Virus
Cancer Program remains with the Office of the Associate Director, VOP.

Until November, 1975, the Chairmen and Vice-Chairmen of five Program
Segments, known collectively as the Program Segment Chairmen, assisted the
Office in managing the Virus Cancer Program by sharing the responsibility
for planning, initiating and maintaining research efforts within this
coordinated (targeted) Program. Additionally, they were responsible for
reviewing contracts for relevance, priority, and need to the total Program.
Since the Chairmen were drawn from a group of senior scientists, many were
asked to serve in the dual capacity of scientific managers and intramural
investigators. This organizational structure has now been abolished.

Current . At the present time the Virus Cancer Program is administered by

the Collaborative Research Branch with its four sections, the Breast Cancer
Virus Studies Section; the Clinical Studies Section; the DNA Virus Studies
Section; and the RNA Virus Studies Section. Virus-cancer research is now
managed by the heads of each Section under the general supervision of the

Branch Chief, the Associate Chief, and the Office of the Associate Director;
Section heads no longer conduct intramural research.

Advice on overall Program direction is now provided by the VCP Advisory
Committee, consisting of seven members including the Chairman. The members
are chosen entirely from the biomedical community on the basis of their
qualifications and expertise in the cancer field, in particular cancer
virology. The Committee has met on two occasions during FY 76 to advise
on allocation of resources, areas for expanded research and development,
and the application of research findings to the control of cancer in man.

The Committee's efforts are separate from the review and approval of

individual contracts.

Recently, a Clinical Advisory Group (CAG) which reports directly to the

Associate Director was organized to develop a comprehensive approach to

clinical problems and to recommend methods for developing control procedures

for virus-associated tumors. The group, composed entirely of NCI staff, met

on several occasions and agreed to consider certain cancers for further
investigation by the Virus Cancer Program.

Review of Contracts . Projects within the total Program are reviewed at

many levels:

(1) Each contract is reviewed for relevance, priority and need to the total

Program by the Virus Cancer Program Coordinating Committee (VCPCC).

This Committee, composed of members of the Office of the Associate
Director, the Collaborative Research Branch, and senior intramural
investigators, reviews solicited and unsolicited proposals developed
within the Program. Consensus is obtained by open vote and priority
is established by scoring on secret ballot.
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(2) Each contract is reviewed for scientific excellence and technical M
competence by Scientific Review Committee A or B. These committees, ^
first chartered in FY 1975, consist of up to 25 members each, including

the Acting Chairman. The members were appointed by the Director, NCI,

to serve overlapping terms of four years on the basis of their outstand-
ing qualifications in the fields of microbiology, molecular biology,
immunology, biochemistry, virology, and clinical medicine, as related
to cancer. The committees are composed entirely of non-NCI scientists. A
Although intramural scientists participate as needed in the review ^
process, they are not voting members. The committees operate entirely
under the regulations set forth by the 0MB, DHEW, NIH, and NCI, with
an Executive Secretary who is responsible for the review and complete
documentation of each project.

(3) Each contract is continually monitored for performance by (a) the
Associate Director's Science Management Team; (b) the Collaborative
Research Branch; (c) CRB Section Heads; (d) Project Officer(s).
Project Officers are intramural senior laboratory investigators who
serve as advisers to principal investigators on scientific matters.

(4) Each contract above the annual funding level of $1 million and with
multifaceted workscope undergoes a third review by an ad hoc committee
appointed by the Associate Director, Viral Oncology Program.

(5) Each contract is reviewed by the Associate Director, Viral Oncology
Program; the Director, Division of Cancer Cause and Prevention; the i
Chief, Research Contracts Branch, NCI; and, as required, by the

"

Director, NCI.

As an aid to the review processes, key staff members receive progress reports
on all contracts on a biannual basis. Collection and distribution of these
reports is the responsibility of the Information Unit in the Office of the
Associate Director. A single comprehensive report is prepared annually by

the Associate Director.

Flow Plan for Solicited Proposals .

(1) Project idea conceived and developed by Program.

(2) Coordinating Committee review. (Originator of plan presents to Committee
for determination of relevance, priority, and need.)

(3) Project Plan document and RFP drafted. (Originator and Contract Specialist
prepare the Project Plan and the RFP.)

(4) Technical review and contractor selection. (Competitive processes com- l[

pleted as required. Scientific Review Committee reviews technical
aspects and ranks competing proposals. Program staff selects
contractor(s) ).
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(5) Project Plan document approved and Pveview Summary Sheet prepared and

approved. (Project Officer and Contract Specialist prepare Review

Summary Sheet and route Project Plan and Review Summary Sheet for

signatures.

)

(6) Negotiation and award. (Contract Specialist negotiates contract with

help of Project Officer as required. Preliminary discussions and

negotiations may have occurred under Contractor Selection and

Technical Review.)

Flow Plan for Unsolicited Proposals .

(1) Unsolicited proposal received by Program.

(2) Coordinating Committee review. (Coordinating Committee determines

relevance, priority, need and uniqueness.)

(3) Project Plan drafted. (Project Plan document, Justification for Non-

Competitive Procurement, prepared by Program staff member and Contract

Specialist.)

(4) Technical review. (Technical review of proposal performed by Scientific

Review Committee.

)

(5) Project Plan and Review Summary Sheet approved. (Contract Specialist

routes Project Plan document and Review Summary Sheet for signatures.)

(6) Negotiation and award. (Contract Specialist negotiates contract with

help of Project Officer as required.)

Scientific Staff, Office of the Associate Director, Viral Oncology Program

Dr. J.B. Moloney, Associate Director
Dr. L.R. Sibal, Deputy Associate Director

Dr. Elke Jordan, Coordinator for Collaborative Research

Dr. H.J. Hearn, Scientific Coordinator for Viral Oncology, Frederick

Cancer Research Center (FCRC)

Science Management Team, Office of the Associate Director, VOP

Dr. J.B. Moloney Dr. R.A. Manaker Mr. Robert Velthuis

Dr. L.R. Sibal Dr. J.T. Duff Mr. Charles Fafard

Dr. Elke Jordan, Executive Secretary

Administrative Staff. Office of the Associate Director, VOP

Mr. John Miller, Administrative Officer, DCCP

Mr. N. Olimpio, Program Analyst, DCCP

Mr. R. Velthuis, Administrative Officer, VOP

Mrs. L. Christoferson, Administrative Assistant, VOP

1
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Intramural Review Committees

Virus Cancer Program Coordinating Committee

Dr. Stuart Aaronson
Dr. James Duff

Dr. Peter Fischinger
Dr. Berge Hampar
Dr. Robert Huebner
Dr. Elke Jordan, Executive Secretary

Dr. Robert Manaker
Dr. J.B. Moloney, Chairman
Dr. Wade Parks

Dr. Jeffrey Schlom
Dr. Edward Scolnick
Dr. Louis Sibal, Vice-Chairman
Dr. George Todaro
Dr. George Vande Woude

Viral Oncology Program Resources & Logistics Advisory Group

Dr. Jack Gruber, Chairman
Dr. David Howell, Executive Secretary

Dr. James Duff
Dr. Peter Fischinger
Dr. Maurice Guss

Dr. Donald Luecke
Dr. Takis Papas

Dr. Ernest Plata
Dr. John Stephenson
Dr. Wilna Woods

Dr. George Vande Woude

Clinical Advisory Group for Viral Oncology

Dr. Michael Blaese (DCBD)

Dr. Leonard Chiazze (DCCP)

Dr. Peter Fischinger (DCCP)

Dr. Robert Gallo (DCT)

Dr. Curtis Harris (DCCP)

Dr. Ronald Herberman (DCBD)

Dr. Franco Muggia (DCT)

Dr. Alan Rabson (DCBD)

Contract Specialists, Viral Oncology Program (members of Research Contracts

Branch, NCI)

Mr. William Caulfield Mr. Jacques Labovitz
Mrs. Dorothy Coleman Mr. J. Thomas Lewin

Mr. Charles Fafard, Sect. Head Mr. Thomas Porter
Mr. Sidney Jones Mr. Clyde Williams
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Virus Cancer Program Scientific Review Committee A

Dr. Marcel Baluda, University of California (Los Angeles)
Dr. David Bishop, Rutgers University (New Brunswick, NJ)

Dr. Arthur Brown, University of Tennessee (Knoxville)
Dr. Andrew G. Dean, Arkansas Department of Health (Little Rock)

Dr. Donald Fine, Frederick Cancer Research Center (Frederick, MD)
* Dr. Raymond Gilden, Flow Laboratories, Inc. (Rockville, MD)

Dr. Eva Klein, Karolinska Institutet (Sweden)
Dr. Mathilde Krim, Sloan-Kettering Institute for Cancer Research (NYC)

Dr. Arleen Levin, Rush-Presbyterian-St. Luke's Medical Ctr. (Chicago, IL)

Dr. Miriam Lieberman, Stanford University Medical School (Stanford, CA)

Dr. Frank Lilly, Albert Einstein College of Medicine (Bronx, NY)

Dr. Hans Meier, Jackson Laboratory (Bar Harbor, ME)

Dr. William C. Moloney, Peter Bent Brigham Hospital (Boston, MA)

Dr. Richard Morrow, Harvard School of Public Health (Boston, MA)

Dr. Garth Nicolson, Salk Institute (San Diego, CA)

Dr. Malcolm C. Pike, USC School of Medicine (Los Angeles, CA)

Dr. William Rawls, McMaster University Medical School (Canada)
Dr. Phillips Robbins, Massachusetts Inst, of Technology (Cambridge, MA)

Dr. Kirby Smith, St. Jude Children's Research Hospital (Memphis, TN)

Dr. Kenneth Takemoto, NIAID, NIH
Dr. Lise Thiry, Institute Pasteur du Brabant (Belgium)
Dr. Adel A. Yunis, University of Miami School of Medicine (Miami, FL)

Virus Cancer Program Scientific Review Committee B

Dr. J. Thomas August, Albert Einstein College of Medicine (Bronx, NY)

Dr. Paul H. Black, Massachusetts General Hospital (Boston, MA)

Dr. George Blumenschein, University of Texas Medical School (Houston)

Dr. Dani Bolognesi, Duke University School of Medicine (Durham, NC)

Dr. Janet S. Butel , Baylor University College of Medicine (Houston, TX)

Dr. Robert M. Chanock, NIAID, NIH

Dr. Joseph Feldman, Scripps Clinic & Research Foundation (La Jolla, CA)

Dr. Fred C. Fox, University of California (Los Angeles)
Dr. Clarence J. Gibbs, Jr., NINDS, NIH

Dr. Adeline J. Hackett, University of California (Berkeley)
Dr. Francoise Haguenau, College de France (Paris)
Dr. Janet Hartley, NIAID, NIH

Dr. Gertrude Henle, Children's Hospital of Philadelphia (PA)

Dr. Jacob Holper, Litton Bionetics, Inc. (Kensington, MD)
** Dr. Edmund Klein, Roswell Park Memorial Institute (Buffalo, NY)

Dr. Henry Kunkel , Rockefeller University (NYC)

Dr. Henry T. Lynch, Creighton University School of Medicine (Omaha, NB)

Dr. Paul Neiman, University of Washington School of Medicine (Seattle, WA)

Dr. Marvin A. Rich, Michigan Cancer Foundation (Detroit, MI)

J
* Chairman, Committee A

** Chairman, Committee B
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Consultants

Dr. Roland Aaronson, Johns Hopkins University, Baltimore, MD

Dr. Larry 0. Arthur, Frederick Cancer Research Center, Frederick, MD

Dr. Richard Axel, Columbia University Institute for Cancer Research, NYC

Dr. George Bekesi, Mt. Sinai Hospital & School of Medicine, NYC

Dr. George R. Blumenschein, University of Texas Medical School, Houston

Dr. Edward A. Boyse, Sloan-Kettering Institute for Cancer Research, NYC

Dr. Gertrude Buehring, University of California, Berkeley
Dr. Tom Clarkson, Bowman-Gray Medical College, Winston-Salem, NC

Dr. David Colcher, Meloy Laboratories, Inc., Springfield, VA

Dr. Arnold S. Dion, Institute for Medical Research, Camden, NJ

Dr. Bernice Eddy (Retired, NIH), Bethesda, MD

Dr. Eugene M. Edynak, University of Hawaii School of Medicine, Honolulu

Dr. Max Essex, Harvard University School of Public Health, Boston, MA

Dr. Lawrence Falk, Rush-Presbyterian-St. Luke's Medical Center, Chicago, IL

Dr. Donald L. Fine, Frederick Cancer Research Center, Frederick, MD

Dr. Ben Forsyth, University of Vermont College of Medicine, Burlington

Dr. Jack W. Frankel , Life Sciences, Inc., St. Petersburg, FL

Dr. Peter Gerone, Delta Regional Primate Research Center, Covington, LA

Dr. A. Arthur Gottlieb, Tulane University, New Orleans, LA

Dr. George Hager, University of California, San Francisco
Dr. Howard Hiatt, Harvard School of Public Health, Boston, MA

Dr. Vaclav Klement, University of Southern California, Los Angeles

Dr. David Kingsbury, University of California, Irvine

Dr. David Kohne, Scripps Clinic & Research Foundation, La Jolla, CA

Dr. Jan Korb, Institute of Molecular Genetics, Prague, Czechoslovakia
Dr. Mathilde Krim, Sloan-Kettering Institute for Cancer Research, NYC

Dr. Henry Kunkel , Rockefeller University, NYC

Dr. Frank Lilly, Albert Einstein College of Medicine, Bronx, NY

Dr. David Livingston, Children's Cancer Research Foundation, Boston, MA

Dr. Diana M. Lopez, University of Miami, Miami, FL

Dr. Michael Mathews, Cold Spring Harbor Laboratories, Cold Spring Harbor, NY

Dr. Christian S. Middlefort, Institute for Cancer Research, Philadelphia, PA

Dr. Carlo Moscovici, Veterans Administration Hospital, Gainesville, FL

Dr. Robert Naso, M.D. Anderson Hospital & Tumor Institute, Houston, TX

Dr. Frank O'Neill, Veterans Administration Hospital, Salt Lake City, UT

Dr. Lloyd Old, Sloan-Kettering Institute for Cancer Research, NYC

Dr. Gary Pearson, Mayo Clinic, Rochester, MN

Dr. Carl Pierce, Harvard Medical School, Boston, MA

Dr. Claire J. Shellabarger, Brookhaven National Laboratory, Upton, L.I., NY

Dr. William C. Summers, Yale University, New Haven, CT

Dr. Benjamin A. Taylor, Jackson Laboratory, Bar Harbor, ME

Dr. Ender Verna, Salk Institute, San Diego, CA

Dr. William Wallen, Litton Bionetics, Inc., Kensington, MD

Dr. Robert Weinberg, Massachusetts Institute of Technology, Cambridge, MA

Dr. George Wright, Massachusetts Department of Public Health, Weston

i
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Virus Cancer Program Advisory Committee

Dr. Charlotte Friend, Mt. Sinai School of Medicine, New York, NY

Dr. Howard Hiatt, Harvard School of Public Health, Boston, MA
*Dr. Edmund Klein, Roswell Park Memorial Institute, Buffalo, NY
Dr. Daniel Nathans, Johns Hopkins University Medical School, Baltimore, MD
Dr. Lloyd Old, Sloan-Kettering Institute, New York, NY

**Dr. Frank W. Putnam, Indiana University Medical School, Bloomington, IN

Dr. Robert Wagner, University of Virginia Medical School, Charlottesville

(Dr. Elke Jordan, Executive Secretary)

*Appointment effective July 1, 1976

**Chairman

1133



3. Administrative Highlights

The FY 1976 appropriation provided the Viral Oncology Program with
approximately the same funding level as the previous fiscal year. There
was, however, some reprogramming of funds within the Program. Approximately
one million dollars was allocated to Cancer Research Emphasis Grants (CREG)

and an additional $1.4 M was allocated to the In-House Program. In each
case, funds were reassigned from the contracts program. A funding summary
for fiscal years 1975 and 1976 is provided below:

I FY 1975 FY 1976

Contracts 49,387 46,773

CREG — 967

Breast Cancer Task Force 1,450 1,450

In-House 9,395 10,800

Totals 60,232 59,990

Although no new personnel positions were allocated to the Viral Oncology
Program, the Program was able to appoint 16 Cancer Experts out of the
100 available to the Institute.

The construction of new laboratories in the Open Bay Area of Building 41

is progressing on schedule. Present plans call for oocupancy in

mid-FY 1977 by three of our Section Heads now located at nearby leased
facilities--Drs. Scolnick, Parks and Bassin. During this year a part of

Dr. Aaronson's laboratory was returned to Building 37 from leased space
at Hazleton Laboratories, and Dr. Hampar's laboratory was relocated from

a leased facility at Flow Laboratories to the Frederick Cancer Research
Center. In addition, Dr. Huebner's Serology Unit was moved from Building 37

to FCRC.
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4. Scientific Activities

A. Narrative

Introduction

The extensive reorganization of the Viral Oncology Program in the past year
together with the increasing concern about the role of environmental

chemicals in human cancer has led to a thorough reassessment of the

scientific orientation of the Program. While we have not abandoned the

search for a definitive human cancer virus, it has become evident that

cancer is the result of a complex interaction among many factors and

identification of a virus alone may not be the complete answer to the cancer

problem. A number of factors that interact with viruses to control virus

expression have already been identified and they include both host factors

such as genetics, hormones, immune responses and environmental factors such

as chemicals, x-rays, UV light, etc. The Program is, therefore, expanding
and giving special emphasis to the study of all aspects of the control of

virus expression.

In spite of progress in our understanding of the structure and function of

viruses and of the molecular biology of the animal cell, the central process

by which a virus or any other agent converts a normal cell to a malignant

cell is still obscure. However, it is possible that the virus plays a

central role in all oncogenic processes. Where appropriate detection systems

have been developed, the activation of a latent viral genome has often been

found to accompany carcinogenic activity by chemical and physical agents.

Whether viruses are or are not involved in all malignant transformation,

they appear at present to be the best and most useful tools for studying the

malignant process. They are relatively simple, yet can incorporate the

necessary information for switching a cell to the cancerous state. They are

easily manipulated and interact with cells in a predictable and reproducible

way. A large number of reagents and viral components as well as a formidable

array of sophisticated techniques have been developed which can now be used

to zero in on the process of transformation by viruses.

The emphasis in cancer virology has moved from the search for viruses to the

study of virus gene transcription, translation and control mechanisms.

Virologists are now probing cells at the molecular level and discovering that

the production of complete particles is not required for cancer formation by

viruses. In the case of DNA viruses, which in contrast to RNA viruses can

kill the cells they infect, defectiveness in replication appears to be a

requirement for transformation. Indeed, even the presence of a whole viral

genome is not necessary for malignant conversion. In all tumor viruses
studied, the transforming information is contained in one gene or a small

number of genes that can be expressed in the absence of other viral functions.

It appears therefore that one gene, producing one product, can specifically
switch a target cell to malignancy. The identification of the product of

this gene and the study of its mechanism of action is a major thrust of tumor
virus research at this time.
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This does not mean that infectious viruses play no role in cancer. In

fact, it has recently become clear that infectious, tumor-causina viruses
are transmitted horizontally under natural conditions in cats, gibbons and
cattle. Although the presence of an infectious agent in the cat had earlier
been ruled out on epidemiological grounds, new information has led to the
realization that cat leukemia is transmissible by physical contact between
animals. The immunological control of this disease through the use of
specific viral vaccines is under study.

Viruses have proved useful in yet another context. Quantitative assay
procedures involving viruses have been developed for the screening of
potential chemical carcinogens with a high degree of reliability. Although
the systems now available use rat cells, the development of sensitive
primate cultures is underway. Such systems should facilitate the testing
of chemical carcinogens and may actually be better for the determination of
carcinogenicity in humans than present animal models.

RNA Viruses

RNA viruses have now been shown to cause a variety of malignant diseases in

a large number of animal species ranging from birds to primates. Although
infectious viruses have not been found in all animals, viral markers are
present in each case, including man, where they have been looked for with
appropriate probes. It appears that RNA viruses are a normal part of the

cells of all vertebrates and it is likely that they function in embryonic
development and only under certain conditions do these viruses become
involved in oncogenesis.

RNA viruses will replicate in more than one species of animal and will often
cause disease in other than their natural host. In tissue culture, these
agents transform a variety of cells derived from different hosts including
man.

The RNA viruses are generally divided into two morphologically distinct
groups: type C viruses associated with leukemias, sarcomas and lymphomas,
and type B viruses associated with carcinoma of the breast. However, recently
new viruses have been found that fall somewhere between the two types, e.g.

Mason Pfizer Monkey Virus and guinea pig endogenous virus.

While some RNA viruses exist primarily as infectious particles, most RNA

viruses are in a repressed form integrated into the cellular chromosomes.
These endogenous viruses are derenressed by x-rays, chemicals, etc. How-
ever, some endogenous viruses replicate very poorly in the cells that harbor
them and require special techniques of cell fusion or growth in a mixed
culture of cells for complete expression.

Related RNA viruses readily undergo genetic recombination with each other.

Such exchanges occur between endogenous and infectious viruses and between
viruses of different species. By means of genetic recombination, highly
oncogenic strains of sarcoma and leukemia viruses have arisen in the labora-
tory. These type C viruses readily transform cells in culture and produce
cancer in animals in days rather than months after infection.
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These highly oncogenic viruses contain two types of genes; those that are

involved with viral replication and virion structural proteins, and those

that are specifically responsible for transformation. Recently, it has

become possible to separate the transformation gene sequences from the

replication gene sequences. Essentially this is done by breaking DNA

transcripts of viral RNA into pieces and absorbing out those pieces that

have replication sequences by a series of nucleic acid hybridizations,
leaving only the transformation sequences.

Several groups of investigators have succeeded in purifying the transforming

sequences from different highly oncogenic viruses, and it has been reported

that these transforming sequences are widespread in the normal cells of the

animals from which they derive. There is evidence that the transformation-
specific genetic sequences in normal cells are not cellular genes but of

viral origin. These sequences represent only a small part of the complete

viral RNA and form no protein product that is contained in the viral

particle. Consequently, until the transforming sequences were purified,

the probes that were used to detect viral activity could not detect either

transforming sequences or their products. With the new transformation-

specific probes it is now possible to detect viral activity where none

could be found with conventional probes. By this means it has been shown

that the transformation sequences are activated both in naturally-occurring
and in chemically-induced rat tumors that show no other evidence of viral

activity. The transformation sequences thus represent important evidence

for a common step in the mechanism of oncogenesis by agents as different

as viruses and chemical carcinogens.

The transforming sequences studied so far are rodent and avian sequences.

It will be important to isolate similar genetic sequences from highly

oncogenic primate viruses because only those can be expected to be

sufficiently similar to human transforming genes to be used as probes

for the presence of such sequences in man. Primate viruses suitable for

this work are available and the isolation of primate transforming sequences

should be accomplished in the near future.

Not all transforming sequences from one species of animal are the same.

For example, the sarcoma sequences and leukemia sequences of rodents are

not related. It is likely, therefore, that different genetic sequences

exist for each form of cancer. Although the sequences are different, they

may be producing transforming proteins with very similar functions in the

cell. From the study of proteins such as enzymes and antigens, it is known

that highly divergent amino acid sequences can result in proteins with

quite similar biochemical or antigenic properties. Now that the RNA viral

genes responsible for transformation have been isolated, it is feasible

to develop probes that will detect the transforming protein and to study

its distribution, characteristics and mechanism of action.

Cancer Virology has moved into a new era; although we are still studying

viruses, we are now dealing with genes and their products and not necessarily
with infectious viral particles. Finding an infectious human cancer virus

is no longer necessary to study the role of viral genes in human oncogenesis.
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It has been clear for some time that the presence of a tumor virus in an

animal does not necessarily lead to malignant disease. Control of virus
expression occurs at many levels. Since cell surface receptors are
necessary for viral entry into a cell, a lack of such receptors for a

particular virus effectively protects the cell from that virus. Once
incorporated within the cell, the virus is subject to a number of biochemical
controls exerted by various cellular qenes. A large number of such genes
that affect virus expression have been identified in mice and are the
subject of extensive studies to identify their mechanism of action.
Genetically, the mouse is the most intensively studied mammal and, therefore,
represents the only logical system in which to study genetic control of
virus expression.

Hormones also play an important role in virus expression. This has

been clearly demonstrated for the type B RNA viruses, the growth of which
is greatly stimulated by dexamethasone. Mammary epithelial cells, the

target cells in which type B viruses grow, also are subject to hormonal
control. This may reflect a significant relationship between cell activity
and viral growth.

As has already been discussed, chemicals can affect virus expression.
Indeed, the use of chemical and physical agents is a standard procedure
for the activation of latent viruses; by such means many endogenous
viruses were discovered. One virus can even influence the growth of
another. Recent experiments showed that infection with a herpesvirus
causes a transient activation of an endogenous type C virus in the host
cell. The interaction of viruses and chemicals in cell transformation
has been used to develop a sensitive in vitro system for screening chemical
compounds for carcinogenic potential. This system produces results that
correlate better than 90% with results of standard in vivo tests for
carcinogenicity.

Humoral and cellular immune responses are also effective in the control
of tumor viruses. Antibodies to gp70, the major viral coat glycoprotein,
have strong neutralizing activity. Some viral proteins are expressed on

the surface of virus-transformed cells where they are accessible to anti-
bodies. Therefore, immune reactions directed at these surface sites

have a protective effect. Additionally, several investigators have
reported finding viral antigens on the surfaces of normal cells, including
human cells, suggesting that all such cells contain viral genes. Work is

still in progress to clarify whether these antigens actually represent
viral proteins or whether crossreaction between antigenic sites on proteins
of different origin is involved. Whatever the nature of these antigens
may be, their existence already has led to the development of a diagnostic
and prognostic test for human leukemia. The test is based on the finding
that antisera against a particular mouse virus glycoprotein react specif-
ically with human chronic granulocytic leukemia cells.
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Natural antibodies (autogenous antibodies) to viral proteins, particularly
the major glycoprotein, have been found by a numver of investigators.
Such antibodies are widespread, indicating that the animal's immune system
is not refractory towards its own viruses. Antibodies to certain viral

antigens have also been detected in sera from normal human subjects and in

cancer patients. If confirmed, these findings suggest that man is subject
to infection by RNA tumor viruses.

A number of laboratories are developing viral vaccines to prevent natural
or induced cancer in animals. These experiments are of necessity long-term
endeavors because animals have to be followed throughout their lives for

definitive results. Encouraging results have been obtained in experiments
on spontaneous tumors in mice and cats. In mice a significant reduction of

virus titer has been achieved by vaccination with combined killed and live

type C virus vaccines. Previous studies have shown a close correlation
between virus titer and cancer incidence in the strains of mice used in the

vaccine experiments. It is expected, therefore, that the incidence of tumors

in the vaccinated mice will also be reduced. Preliminary results confirm
this expectation but the final data are not yet available. If tumor
reduction can be achieved by viral vaccines, this would provide evidence
that viruses are the etiological agents of spontaneous cancer in mice.

FeLV is transmissible by contact between animals. It has been shown that

infection with this virus immediately after birth does not result in antibody
production and therefore leads to disease. Cats infected later in life are

protected from disease by their own antibody response. Similarly, newborn
kittens immunized before viral challenge can also be protected with a vaccine

prepared from FeLV or from the membranes of virus-infected cells. An antigen

on FeLV-infected cells (FOCMA) appears to elicit an antibody response that

decreases tumor incidence. This is an encouraging finding because vaccines
that do not contain viral nucleic acid would be acceptable for use in man.

Any vaccine containing viral genetic sequences which might be transforming
would obviously be a potential hazard. For this reason the possibility of

using purified structural antigens from other viruses as vaccines is also

being studied in a number of laboratories.

The molecular control of virus expression is receiving intensive study. In

particular, the regulation of chromatin transcription should shed light on

the control of viral transcription. From genetic experiments in mice we know

that the expression of endogenous viral genes can be controlled independently
of each other. Thus, in some strains the gp70 gene may be turned on but no

whole virus produced. Some chemicals can selectively induce a single virus

type in mouse cells containing three different endogenous viruses. Since we
now know that expression of the transforming sequences of the virus alone

can cause tumor formation, it is extremely important for an understanding of

malignant disease to know how individual genes are derepressed. A more
complete understanding of these processes will have a profound effect on

our ability to control or prevent cancer.
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DNA Viruses

The role of DNA viruses as etiologic agents of proliferative cellular
diseases in several animal species is now well accepted. Early reports
describing the capacity of certain murine and simian papovaviruses to induce
malignant tumors in animals and transform cells in tissue culture provided
the impetus for examining the relationship between various human DNA viruses
and cancer in man.

The first group of viruses considered in this context were the human adeno-
viruses which have the potential to act as biological carcinogens in selected
rodent systems. In addition to their wide natural distribution in man, these
viruses have been used for the preparation of live-attenuated vaccines which
have been administered to selected human populations. Furthermore, it was
found that SV40 virus, acquired from the simian cells used for propagation
of the adenoviruses, was present as a major contaminant in these vaccine
preparations. Since hybrid viruses with a spectrum of biological functions
have now been isolated from mixed adenovirus-SV40 populations, the vaccines
undoubtedly also contained such hybrids. Thus over one million people have
been inoculated with representative members of two DNA virus groups with
demonstrated oncogenic potential in animals.

Although exhaustive serological, epidemiological and molecular studies have
uniformly failed to reveal a link between either of these viruses and any

form of human cancer, continued study of the possible association between
these viruses and human cancer still seems relevant because: (1) these
agents have the capacity to produce malignant tumors in several different
animals and to transform morphologically a variety of cultured cells
including those of human origin; (2) they are widely distributed and
interact genetically with a virus inadvertently administered to a large
group of people as a vaccine contaminant; (3) several human papovaviruses
have recently been discovered; and (4) these small DNA viruses are
particularly useful for the study of the underlying mechanisms of cell

transformation.

The papovaviruses offer a unique approach for studying the phenomenon of

transformation of a cell from the normal to the malignant state. These
small, relatively simple viruses appear to perform the convenient function
of packaging all of the necessary genetic information required for the

induction of cancer. The fact that the DNA of these viruses can code for
less than 10 proteins makes them prime candidates for defining those virus-
specified functions which are responsible for oncogenesis. Indeed, sig-

nificant progress has already been made along these lines.

Cleavage of the viral DNA with restriction endonucleases has led to the

generation of probes representative of specific portions of the viral

genome. These probes have been used to identify those sequences of the SV40
and adenovirus genetic information responsible for cell transformation.
Analysis of cells transformed by mutants of SV40 has led to the identification
of a virus-coded protein (A protein) which is required to initiate and maintain
cell transformation. This early viral protein, related immunologically to the
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intranuclear tumor antigen (T antigen) found in all SV40-transformed cells,
is required for the initiation of viral DNA synthesis. Intensive efforts
are now being made to isolate and purify this important virus-coded protein.

The discovery of the Epstein-Barr Virus (EBV), a member of the herpes group
of viruses, in lymphoblastoid cells from patients with Burkitt's lymphoma
(BL), stimulated extensive studies on herpesviruses as possible etiologic
agents of cancer in man. Herpesviruses recovered from frogs, chickens,
rabbits, and non-human primates are known to be causally related to

carcinomas or lymphoprol iterative neoplasias in their respective hosts.

At least two herpesviruses have now been implicated as possible etiologic
^igents of certain types of human cancer--EBV with lymphoma and nasopharyngeal
carcinoma, and herpes simplex virus (HSV) type 2 with squamous cell carcinoma
of the uterine cervix. Although a causal relationship has not been estab-
lished, the bulk of the experimental and epidemiological data gathered to

date strongly suggests their etiologic involvement in these diseases.

Both EBV and other herpesviruses have several properties expected of DNA
tumor viruses: they transform cells and are found as infectious virus or
virus-specific information in each of their associated tumors. In addition,
fatal malignant diseases have been induced in primates by inoculation with
EBV or with cells shedding this virus.

A key problem encountered in proving an etiologic role in cancer for these
viruses has been their wide distribution in human populations throughout
the world. Tumor formation is usually marked by an increased, rather than

a de novo, immunological response to the virus. Antibody titers in cancer
patients are statistically much higher than those background levels measured
in carefully matched normal subjects. The question of why some individuals
infected with these viruses develop cancer while others do not remains un-

answered.

Experiments are in progress to isolate and characterize herpesvirus-specific
nucleic acids and antigens which can be employed as diagnostic or prognostic
indicators of tumor development. Attempts are also being made to define
those regions of the herpesvirus genome which code for transforming functions,
to characterize the proteins specified by this genetic information, and to

study the interaction of these products with normal and malignant cells.

The approaches employed to attack these problems largely reflect the success-
ful directions taken by tumor virologists studying transformation by the
papova- and adenoviruses. These include analysis of the viral genome with
restriction enzymes and derivation of viral mutants which are defective in

cell transformation. However, the problem is complicated by the high degree
of genetic complexity of the herpesvirus genome which is 5 times larger than
the adenovirus genome and 20 times larger than the SV40 genome. New experi-
mental approaches may be needed to deal with viruses of this complexity.

If the herpesviruses are shown to play an etiological role in the human
cancers with which they have been associated, measures can be developed to
control these viruses and thereby reduce the incidence of human neoplasia.
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b. Progress Highlights (not covered in Narrative)

RNA Viruses

Experimentation requiring large quantities of MMTV has been limited by the

difficulties inherent in recovery of virus from mouse milk. This virus has

now been propagated successfully and harvested in quantity from long-term

cultures of BALB/cf C3H mouse mammary tumors. The virus was also shown to

infect and replicate in cultured mink lung cells and cat kidney cells. No

difference was detected between the RNA of MMTV grown in mink cells and that

recovered from the milk of RIII mice. These advances permit more intensive

molecular biological studies on mammary gland carcinogenesis than have been

possible previously.

Free gp52 of MMTV was detected in the circulating blood of tumor-bearing mice

in concentrations that correlate with tumor load. In the strains used for

this study, each gram of tumor led to the production of 500 ng of gp52 per ml

of mouse plasma. The blood levels of gp52 dropped dramatically within 8 days

after the tumor was surgically removed. Subsequent assays for the antigen

predicted relapse in the animals with complete accuracy. This model for

cancer diagnosis and prognosis holds promise for human application.

Early studies on human breast cancer tissue using nucleic acid hybridization

techniques have detected sequences homologous to sequences in MPMV RNA. An

antigen which reacts with specific antisera to the p27 polypeptide component

of MPMV now has been reported to be present in some human malignant breast

carcinomas.

RNA isolated directly from avian myeloblastosis virus (AMV) was used for the

cell-free synthesis of oncornavirus-specific polypeptides. By criteria of

gel electrophoresis and immunospecific antigen-antibody precipitation, the

product synthesized jjx vitro appears to be identical to polypeptide components

isolated from plasma AMV virions. Such studies may lead to the identification

of virus proteins essential to the transforming process.

The Fv-1 gene is one of the major genetic loci that controls the development

of leukemia in mice. Studies have revealed that restriction of virus growth

results from the interaction of a virus protein with a cellular product of

the Fv-1 gene. Attempts are being made to identify the virus structural

protein and to study its function in vitro . Identification of the site at

which the Fv-1 gene product(s) acts would be of great help in developing

methods for preventing the replication of RNA tumor viruses.

The steroid receptor molecule which binds glucocorticoids to nuclei and

stimulates the transcription of mammary tumor virus RNA has been chemically

purified. Two sites on the receptor molecule have been identified. One site

is involved in binding the hormone, and the other site in binding the

receptor: hormone complex to DNA.
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Sarcoma-specific oncogenic rat sequences of the Kirsten and Harvey sarcoma

virus have been found to be expressed in chemically induced and naturally

occurring rat tumors in the absence of production of type C particles. Such

tumors do not express detectable levels of type C p30 protein as judged by

any currently available interspecies radioimmunoassay for mammalian type C

viruses. Probes from sarcoma-specific sequences allow one to identify

certain rat tumors as viral in etiology when conventional type C probes are

negative.

A set of genetic sequences within the Moloney sarcoma virus has been identified

as the oncogenic sequences for this virus. This oncogene is not present in

another highly oncogenic virus derived from mice, the Abelson leukemia virus.

Therefore, a single set of oncogenic sequences cannot account for all cancer

in a given species.

New techniques were developed to synthesize DNA transcripts of the entire

RNA virus genome. The syntheses can be carried out under conditions where

complete, intact copies constitute essentially the sole component of the

product. These cDNA transcripts make excellent probes and also make possible

the sequencing of the corresponding RNA by the new DNA sequencing procedures

recently developed and the mapping of specific cistrons using fragments pro-

duced by restriction enzymes.

The MSV-transformed cat cell contains MSV-specific RNA and DNA. Cloned flat

revertants derived from these transformed cells did not express MSV proteins

and contained no MSV-specific RNA or DNA. This is the only known and docu-

mented example of elimination of a transforming DNA provirus from a cell.

A 60,000 dalton polypeptide, p60, was found to be the major virion protein

in cells infected with the feline leukemia virus pseudotype of Moloney

murine sarcoma virus (MSV m-1). It is the uncleaved precursor to the p30,

pl5 and pl2 virus structural peptides. Its presence in all cells transformed

by the MSV m-1 genome indicates it is a sarcoma-specific protein, and for

this genome, a marker of transformation. The p60 protein is phosphorylated

and binds to single-stranded DNA and RNA but has no affinity for double-

stranded DNA, suggesting a regulatory role. It may be associated with the

transformation event.

The major viral antigen of bovine leukemia virus has a molecular weight of

24,000 daltons. RIA studies show that the major polypeptides of the bovine

virus are not related to the known type C polypeptides.

Nucleic acid sequences related to the bovine leukemia virus can be found

in the DNA of tissues from leukemic cattle but not in the DNA of tissues from

normal cattle. The bovine leukemia virus genome is therefore not endogenous

in the cellular DNA of normal cattle.

Studies showed that pi 2 type C phosphoprotein specifically binds to the RNA

of the virus from which the pl2 was isolated. The pl2 of Rauscher MuLV and

SSAV bind selectively to both homologous 70S and 35S viral RNA. Heterologous

pl2 molecules do not compete for the viral RNA binding sites. Competition
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assays have been developed which permit the detection of ten nanograms of

viral pi 2 protein.

The specificity of natural antibody in sera from healthy gibbon apes and

humans has been extensively analyzed by immunoelectron microscopy using

as targets original gibbon lymphosarcoma culture cells (GLS) which release
large amounts of type C virus (gibbon ape leukemia virus, GALV). These sera

crossreacted with viral envelope antigens (VEA) of the SSV-GALV family as

well as the baboon endogenous type C virus (BaEV) family. In addition,
the sera also reacted with putative human type C viruses, HL23V and HEL-12V,

and with nonproducing human acute lymphocytic leukemia (ALL) culture lines,

human embryonic diploid cells and fresh uncultured human chronic myelogenous
leukemia (CML) blood cells. Among them, a preparation of soluble antigen

from the plasma membrane of human ALL cells crossreacted with VEA of GALV.

These results suggest that putative human type C virus may be widely spread

and may be isolated from human cells.

DNA Viruses

Two polypeptides, vpl23 and vpl54, were identified in HSV-2 infected cells.

Sera from cervical cancer patients exhibited preferential reactivity to them.

Investigations along these lines have some promise for immunodiagnosis,
prognosis, and determination of risk.

The activation of endogenous type C RNA leukemia viruses in rodent cells has

been observed following infection by non-lytic HSV-2 preparations. The role

of both viruses in the fibroblastic transformation remains unresolved, and

is further complicated by the presence of murine sarcoma virus genetic
information in rodent cell DNA.

A mixture of three fragments of HSV DNA cleaved by restriction endonuclease
transformed mouse 3T3 cells with greater frequency than the total unfraction-
ated enzyme product or sheared DNA, suggesting that this fraction of the

HSV genome is enriched for the sequences for transformation.

Highly sensitive probes for the transforming genes of adenovirus 12 were

used to search for complimentary sequences in human lung and gastrointestinal
cancers. Such sequences were not detected. Thus, it is highly unlikely that

this virus has a role in the etiology of these neoplasms.

The preparation of adenovirus DNA fragments by specific cleavage with

different restriction endonucleases has made possible the identification

of transforming sequences. The transforming genes of the A, B, and C groups

of oncogenic adenoviruses differ completely from one another in nucleotide

sequence.

The EB virus-induced nuclear antigen (EBNA) is a marker for the presence of

EBV genetic information in cells. EBNA has been shown to be a non-histone

chromatin protein and is not simply adsorbed to chromatin during manipulation.

It is present in the soluble complement-fixing antigen extracted from infected

cells.

1144



Serum specimens obtained from 8 children up to 17 months prior to onset of
BL were positive for antibody to virus capsid antigens, indicating that this
disease does not develop immediately after primary infection. Other factors
have an important role in the disease process, as suggested by the occurrence
of BL in immigrants of various ages in regions where its incidence is high.
Holoendemic malaria has been suggested as a factor. If EBV is a cause of
Burkitt's lymphoma in Africans, one must assume that a similar disease occur-
ring in individuals in other geographic regions is promoted by other factors.

Treatment

Hyperimmune IgG with high neutralizing antibody (1:1000-1:600) suppressed
virtually all expression of the AKR ecotropic virus in AKR mice up to
30 days; this was accomplished with 4 to 5 fractional injections of 0.05 ml

to 0.3 ml amounts given during a 14-day period beginning on the day of
birth. This observation may have a special significance in that it seems
likely that IgG actually suppresses natural host gene expressions.

Multiple injections of killed AKR virus vaccine were given to IgG-treated
AKR mice beginning at 30 days of age. This procedure maintained lowered
virus expression in the treated AKR mice for long periods. Further
improvisation on these schedules can be expected to provide additional
suppression of AKR virus.

Chemotherapeutic agents combined with immuno-adjuvants are useful in
attempts to suppress leukemia in guinea pigs. Simultaneous treatment with
Cytoxan, C. parvum and leukemic blast cells resulted in 50% long-term
survivors to 100 days; there were no survivors in controls.

A rapid method for differentiating malignant from non-malignant cells was
found by testing the ability of cells to grow on teflon surfaces. Malignant
cells will grow normally oh this substrate while normal cells will not
divide.

Co-Carcinogenesis

In a strain of outbred mouse cells, chemical induction did not yield oncorna-
viruses. Yet when these cells were transformed by MSV, the same chemical
induction resulted in an egress of a pseudotype of MSV with an envelope
different from any known murine virus.

A system was developed which could be used as a preliminary screen to reduce
the time required to evaluate chemical compounds for carcinogenic properties.
Cultures of Fischer rat embryo cells infected with a type C RNA leukemia
virus were found to be sensitive to morphological transformation by chemical
carcinogens. In double-blind studies, carcinogenic compounds were separated
from non-carcinogenic analogs with more than 90 percent effectiveness.
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5. Projections

The Viral Oncology Program has set forth a long range research plan to

elucidate the role of viruses in human cancers and to exploit any leads that
develop for use in the detection, diagnosis, treatment and prevention of

cancer. The studies are grouped within the following approaches:

a. Virus Studies

(1) Basic Studies . Certain basic studies on RNA and DNA viruses
In experimental animals and in cell culture will remain an

integral part of the Program. The results of these studies
have already provided important information about tumor viruses
that is applicable to the isolation and identification of human

agents.

(2) Co-Carcinogenesis Studies . While it appears that many
environmental carcinogens (biological, chemical, or physical)
are etiological ly associated with cancer, there is evidence
that such action can be mediated by the activation of latent
viruses or viral genes. Cell lines in culture and methods
suitable for studying viral-viral, viral -chemical , and viral-

physical interactions or co-carcinogenesis are now available
and such studies will be expanded:

(a) to define the role of endogenous viruses in process of

cell transformation;

(b) to increase understanding of the relationship of environ-
mental agents as cofactors in carcinogenesis;

(c) to extend and develop new methods of inducing tumor

virus expression in "normal" cells;

(d) to develop reliable, sensitive methods for in vitro

carcinogen testing.

(3) Human Studies . Attempts to isolate RNA or DNA viruses or to

detect the presence of viral genetic information and its

expression in human tumors will continue. However, considerable
emphasis will be placed on developing new probes that can

identify viral transforming activity. These efforts will be

applied to human cancers:

(a) to identify and isolate viruses, virus expression or

viral gene products in human leukemias, lymphomas,
sarcomas, and carcinomas;

(b) to aoply specific methods for detecting individuals or

groups of individuals at high risk to cancer, i.e.

individual susceptibility or predisposition to

transformation by viruses.
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b. Molecular Studies

Increased effort will be given to molecular studies on the mechanisms
of interaction of viruses and cells. Major progress has been
achieved in understanding the molecular pathways of tumor virus
replication. Such advances have provided the basis for sensitive
methods for the detection of oncogenic viruses or virus expression.
Tests are now available to characterize information detected in

normal and tumor cells from patients with various cancers. Since
many tumor viruses may be defective, virion replication may be a

relatively rare event in human cells. Therefore, emphasis will be

placed on. the development of procedures which detect events of
transformation in the absence of viral replication.

(1) Basic Studies . The Program will intensify its efforts to

detect, identify and characterize viral genes and viral gene
products. Recent studies indicate that whole virus may not be

required for converting a normal cell into a cancer cell, and

that only one or two viral genes may be involved. Attempts to

isolate a "transforming factor", a protein that triggers cells

to become malignant, are being pursued.

(2) Applied Studies . As information about the fundamental molecular
events in virus-cell interaction becomes available, it will be

applied to the study of human cancer:

(a) to develop new probes and sensitive methods for the de-

tection of virus replication and virus transformation;

(b) to identify and characterize viral genes (nucleic acid

sequences) and viral gene products (proteins, antigens)

found in normal and malignant cells;

(c) to develop a rational basis for therapy or prevention by

exploring various approaches to blocking of viral

replication and/or tumorigenesis at the cellular and sub-

cellular levels. The therapy could be directed at any or

all of the stages of cell transformation. Ultimately
these approaches can be an intensified program to develop
anti-enzymes, gene repressors, or other inhibitors
effective at the molecular level.

c. Immunologic Studies

Current trends to concentrate heavily on molecular events in

transformation will not detract from the need to pursue immunologic

studies. Sensitive, specific methods for the detection of tumor

viruses, viral antigens, and tumor antigens found at the cell

surface are now available. They are also being applied to under-

standing the role of immunologic mechanisms in host-tumor and host-

virus interactions that may provide a rational approach to the

treatment of certain cancers.
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(1) Basic Studies . Selected model systems representing tumors
induced by RNA and DNA viruses, especially those isolated from
non-human primate species, will be studied:

(a) to identify and characterize the viruses, viral antigens
and membrane antigens at various stages of the replication
and/or transformation process;

(b) to study natural cellular and humoral immune mechanisms in

order to determine their relative significance in host
recognition of and response to virus-induced tumors;

(c) to develop active and passive immune mechanisms to

enhance host response to virus-induced tumors.

(2) Applied Studies . As rapidly as possible, immunological methods
will be applied:

(a) to relate putative human viruses to known oncogenic agents;

(b) to identify and characterize putative human tumor viruses
or viral antigens;

(c) to determine the presence of crossreacting antigens
suggesting viral causation in various human tumors;

(d) to establish the association of a putative cancer virus

with the disease process;

(e) to continue seroepidemiological surveys and case-control
studies which will define populations at high risk- to

cancer;

(f) to determine the role of host immune responses in virus-
induced tumor recognition and rejection;

(g) to develop vaccines (viral or subviral components) from
tumor viruses to suppress human cancer.

d. Test Systems and Resources

(1) Test Systems . In vitro and in vivo test systems will be

carefully selected to evaluate the work outlined in the

previous research areas:

(a) to determine the oncogenic potential of putative human

viruses;

(b) to begin viral vaccine (conventional or other) testing

and immunization programs;

(c) to begin viral therapy testing programs;
'

(d) to explore special animal tumor systems, especially in

primate species particularly relevant to human cancer;

(e) to develop and maintain well -characterized cell culture
lines and animal stocks (small mammalian and primate
species)

.
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(2) Resources . Since research efforts undergo continual change
in emphasis and scope as new leads emerge, the Program will

continue to develop and maintain a variety of resources:

(a) To collect and store human serum and tissue specimens;
integrate data on clinical records, storage and dis-
tribution; computerize specimen collection;

(b) To maintain various mammalian animal colonies for basic «i

research and special studies;

(c) To produce large amounts of animal tumor viruses and high
quality diagnostic reagents for research;

(d) To develop methods to produce candidate human viruses as

they are isolated;

(e) To provide containment facilities for research on known

oncogenic viruses and candidate human tumor viruses.
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6. Reports on Information Exchange Activities ,

International Agreements, and Meetings Sponsored by the Virus Cancer Program

(Fiscal Year 1976)

International Agreements

US-USSR Agreement on Health Cooperation - Joint Working Group on

{ Cancer Virology.
[ US-France Cooperation in Cancer Research (formerly Franco-American

Exchange Program) - Committee on Viruses and Cancer

i(with emphasis on immunology).
US-Japan Cooperative Cancer Research Program.

Meetings Sponsored or Partially Sponsored by the Virus Cancer Program (VCP )

Tenth Annual Joint Working Conference - VCP (November, 1975)
Pacific Coast Tumor Virus' Grouo (PACTVI6R) (August, 1975)
VII International Symposium on Comparative Research on Leukemia

and Related Diseases (October, 1975)
Second Conference on Host Immune Resistance in the Prevention

or Treatment of Induced Neoplasias (December, 1975)
Third International Congress on Virology (September, 1975)
Tenth Meeting on Mammary Cancer in Animals and Man (March, 1976)

Meetings to be Sponsored by the VCP

Meeting on Guinea Pig L2C Leukemia: Immunological, Virological and
Chemical Aspects. (November, 1976, Bethesda, MD)

International Symposium on NPC (March, 1977, Kyoto, Japan)
Eleventh Annual Joint Working Conference - VCP (November, 1976)

US-USSR Agreement . A Memorandum of Understanding for further cooperation in

the study of the microbiology, the immunology, and the molecular biology of
cancer viruses was first signed on November 18, 1972. The Memorandum
established procedures for joint studies through the exchange of information,
materials and scientists.

Delegation Meetings: November, 1972 - Moscow, USSR
November, 1973 - Bethesda, USA (Subcommittee)

I
May, 1974 - Moscow, USSR
May, 1975 - Bethesda, USA
June, 1976 - Sukhumi, USSR

Under the Agreement reached during the Second Meeting held in Moscow, USSR,
in May, 1974, the Third Meeting of the Joint Working Group on Cancer Virology,
Co-Chairmen Dr. J.B. Moloney and Professor V.M. Zhdanov, took place from
May 4-16, 1975, in Bethesda, Maryland, USA. Both Sides agreed to change
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the name of the Working Group from "Leukemia and Tumor Viruses of Animals
and Man" to "Cancer Virology".

At a Symposium held on May 5 and 6, 1975 members of both delegations and
US participants presented their recent studies on cancer virology. Detailed
abstracts of these works in both languages are available upon request from
this Office. The participants noted that the progress on the joint research
developed during the past year was satisfactory to both Sides and reaffirmed
their support of these collaborative studies. The discussion focused upon
the progress of previous collaborative studies; future collaborations and
exchanges of materials, publications and scientists.

The delegates discussed the specific findings and the significance of
studies on:

(1) Cell lines from human cancer patients;

(2) Further characterization of the group of viruses, including
MP-MV and related viruses, found in these cell lines;

(3) Isolation and characterization of type C viruses and herpesviruses
from non-human primates with and without induced neoplasms;

(4) Immunochemical properties of proteins from mouse type C viruses
and the antisera produced against them.

The participants recognized that several publications have resulted from
the above studies. These appear in a monograph (USSR) and in several
publications in scientific journals of both countries.

The delegates then discussed the prospects for new scientific collaborations
and agreed to the following:

(1) Studies on viral proteins as probes for viral gene expression in

animals and humans;

(2) Studies on herpesviruses and their interaction with RNA tumor
viruses in malignant transformations;

(3) Studies on the role of viruses in the induction of human breast
carcinoma, including continuation of studies on MP-MV and
related viruses;

(4) Studies on cellular control of virus gene expression;

(5) Continuation of studies on non-human primate viruses in relation
'

to human cancer;

(6) Studies of viruses isolated from human tissues in cell cultures
or in animals and their possible role in the pathogenesis of
human neoplasia;

(7) Collaborations on the breeding of endangered non-human primate
species;

(8) The characterization of nucleic acids and their role in the
induction of animal and human cancers;
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(9) Studies on oncogenic viruses important to human ecology: for ^
example, those derived from bovine, porcine, avian, etc., species. ll

In general both Sides agreed they were satisfied with the exchange of

materials and publications during the past year. It was felt that the

benefits of scientist exchange would be substantially increased if there

were a better definition of scientific interests and pertinent biographical
information about participating scientists prior to the laboratory visits.

It was recommended that this matter be discussed and resolved during the M
next meeting of the US-USSR Joint Committee for Health Cooperation.

™

It was agreed that visits between the US and the USSR should be conducted by

scieiltists of both countries with expertise in the following areas:

'(1) RNA and DNA tumor virology;

(2) Molecular biology of tumor viruses;

(3) Virus production (large-scale);

(4) Tumor virus immunology.

The delegates of both Sides proposed the continuing exchange of materials

necessary for the conduct of the research as outlined in the Memorandum of

Understanding, for example, viruses and reagents from human and animal

sources and other materials as required.

Both Sides agreed to the regular exchange of monographs, journals, preprints

and reprints of articles on cancer virology, and to assist in the publication m
of articles in journals of the respective countries. ^

Future meetings: American and Soviet tumor virologists will continue to

participate in relevant conferences in their respective countries. It was

proposed that the next formal joint US-USSR meeting of the delegations
be held in the USSR, in Sukhumi, Georgian SSR, in early June, 1976. An

account of this meeting will appear in next year's annual report.

This year under the Agreement, Dr. E. Dzhikidze, Dr. Z. Shevtsova, Dr. V.

Agrba and Dr. L. Yakovleva, Institute of Experimental Pathology and Therapy,

Sukhumi, GSSR, made a working visit to the US from September 7, 1975 to

December 7, 1975. Working with Dr. Wade Parks (NCI), Dr. Robert Goldberg (NCI)

and scientists from Litton-Bionetics (Kensington, MD), this group investigated

a lymphomatous disease occurring in baboons and macaques originally housed
in Sukhumi, USSR. The areas of joint research can be divided roughly into

three large areas: (1) epidemiology of the diseases in baboons and macaques;

(2) tlie demonstration of a viral etiology for the disease in baboons and

macaques; and (3) a study of the pathogenesis of the malignant process in m
these animals. These studies have resulted in the isolation of several ^
viruses (both type C and herpesviruses), but their roles in the disease are

not yet clear. The preliminary findings will be submitted as a joint

publication.

i
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The group also attended the annual meeting of the Virus Cancer Program in

Hershey, PA; visited the laboratories of Dr. Friedrich Deinhardt (Chicago),
Dr. Sami Mayyasi (New Jersey), Dr. Sol Spiegelman (New York), and toured
the facilities of the Memorial Sloan-Kettering Institute (New York).

During the same period. Dr. Nikolai Nosik, Institute of Virology (Ivanovsky),
Moscow, visited the US. Working primarily with Dr. Donald Fine (Litton-
Bionetics) at the Frederick Cancer Research Center, he collaborated on a

problem involving the establishment of chronic MPMV infection in human cells,
detection of possible integration of MPMV specific nucleic acid into cellular
DNA, and morphological expression of transformed cells. Dr. Nosik also
attended the annual VCP meeting at Hershey, PA, after which he spent two weeks
studying methods employed for DNA virus studies in the laboratory of Dr. Fred
Rapp, Pennsylvania State University Medical Center, Hershey, PA. He also
visited briefly with Dr. Joseph Melnick, Baylor University, Houston, TX and
Dr. Sami Mayyasi, Pfizer, Maywood, NJ before returning to the Soviet Union.

Dr. Irina Kryukova, Institute of Epidemiology and Microbiology (Gamaleya),
Moscow, spent two months (February-March, 1976) working in the laboratory of
Dr. James Bowen, M.D. Anderson Hospital, Houston, TX. Her problem was
concerned with detection and identification of antigens in breast tumor
cells and determination of the distribution of antibodies to these antigens
in tumor-bearing, as well as normal, individuals. Additionally, Dr. Kryukova
visited the facilities of Dr. Marvin Rich, Michigan Cancer Foundation,
Detroit, MI, the laboratories of several NCI scientists who are working on

related problems, and the laboratory of Dr. H. Hanafusa, New York, before
returning to Moscow.

Two working visits to the USSR by US scientists are planned for May, 1976.

Dr. Robert Goldberg (NCI) and Dr. John Cicmanec (Litton-Bionetics) will
continue joint studies with Dr. Boris Lapin at the Institute for Experimental
Pathology and Therapy, Sukhumi, USSR. Reports of these exchanges will be

included in the next annual report.

US-France Cooperation . Since its inception in 1969, this Program has

provided the exchange of information and exchange of scientists between
the two countries for the purpose of understanding the role of viruses in

cancer. In December, 1975, a new initiative for expanded cooperation
between the Institut National de la Sante et de la Recherche Medical

e

(INSERM) and the National Cancer Program (NCP) was agreed upon. Two special
research efforts will be launched in the following areas:

(1) Viruses and cancer (including immunologic aspects); and

(2) Endocrine control of cancer (hormones and cancer).

Several preliminary meetings have taken place at the NIH/NCI levels to

define the nature of the agreement, the composition of the committees,
and other details. However, final agreement will not be reached until
May, 1976.

1153



An account of this cooperation will appear in next year's report. For the

present, it is clear that future cooperation and collaboration will be

strengthened significantly. Dr. J.B. Moloney and Dr. R. Goldberger have

agreed to serve as coordinators for the US.

This year's exchange program included two US and three French investigators.

US Scientists : Dr. R. Glaser (Pennsylvania State University, Hershey) spent

three months with Dr. de The (lARC, Lyon) studying the Epstein-Barr Virus and

nasopharyngeal carcinoma. Dr. J. Easton (NCI) spent a month in France

working with Dr. de The on clinical studies of Burkitt's lymphoma and naso-

pharyngeal carcinoma and with Dr. C. Jasmin (Villejuif) on Friend leukemia

virus studies. French Scientists : Dr. M. Aupoix (INSERM, Paris) spent three

months in the laboratories of Dr. D. Ablashi (NCI) and Dr. Raymond Gilden
(Flow) working on the immunological properties of Rous sarcoma virus-

transformed mammalian cell lines. Dr. S. Gisselbrecht (Hopital Cochin, Paris)

worked for one month in the laboratory of Dr. R. Bassin (NCI) on murine
leukemia virus studies. Dr. C. Chuat (Hopital Saint-Louis, Paris) spent

several weeks in the laboratories of Dr. S. Oroszlan (Flow) and Dr. R. Gilden

(FCRC) doing experiments on separation of RNA tumor virus proteins.

US-Japan Cooperation . This cooperation sponsored a seminar on breast cancer,

"Focusing Bi-National Efforts on Breast Cancer", in Tokyo in March, 1976.

This seminar was followed by the second symposium on Cancer Virology held
under the auspices of the US-Japan Agreement on March 26 and 27, 1976 in

Kyoto, Japan. Twenty scientific papers dealing with the general topic
"Viral Oncogenesis: Transmission, Persistence, and Expression of the Viral
Genome" were presented.

MEETINGS

Tenth Annual Joint Working Conference - Virus Cancer Program . The annual
meeting of the Virus Cancer Program was held at Hershey, Pennsylvania on

November 2-5, 1975. The following topics were discussed: new primate virus
isolates; detection, purification, characterization and function of tumor
virus antigens; viral vaccines: can they lead to control of cancer? ; recent
advances in tumor virology; and viral nucleic acids. The official program
of this meeting may be obtained from this Office upon request.

Pacific Coast Tumor Virus Group (PACTVIGR) . (NOTE: Partly because of
stringent travel restrictions PACTVIGR and ACTVIRR (Atlantic Coast Tumor
Virus Group) meetings have been discontinued. A summary of the accomplish-
ments of the final PACTVIGR meeting held during this fiscal year follows.

This group met on August 26,1975 at the University of Southern California,
hosted by Dr. Murray Gardner of the Department of Pathology. The subjects
presented are summarized as follows:

Dr. Hugh Edmondson (USC) and Dr. Brian Henderson (USC) discussed data
developed in studies of oral contraceptives and liver adenomas, citing a

possible association. The tumors appeared to be hormone dependent,
specifically related to mestranol rather than estradiol.
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Dr. Howard Charman (USC) presented evidence that the antibody response to

p30 is useful in seroepidemiological studies of animal tumors. He extended
his observations to human studies.

Dr. Frank Dixon showed that there was more viral gp70 than p30 in murine
tissues, whereas in the virion there was more p30 than gp70. He found the
epididymis a particularly rich source of gp70. The quantity of gp70 in

normal mice would suggest a normal function for the type C viruses and viral
proteins. Dr. Dixon cautioned that antiviral vaccines to protect against
cancer could impair normal immune function or produce autoimmune disease.

Dr. Robert Huebner discussed the effect of passive neutralizing antibody in

reducing viral titers in AKR mice. He suggested that the reduction was
effected by eliminating the cells making virus. Long-term effects on

naturally occurring cancers are being investigated.

Dr. Jay Levy (UCSF) described the identification of a factor found naturally
in mouse sera that specifically neutralizes xenotropic murine viruses. The
inhibitor may play a role in normal development of the species as well as

in naturally occurring cancer.

Dr. Henry Kaplan (Stanford) described the characterization of N-tropic murine
leukemia virus isolated in vitro from C57BL mouse embryo cells. Previous
reports on the appearance of B-tropic virus only proved to be mixtures of
B- and N-tropic viruses. He pointed out that the passage history of a virus
could influence its behavior, and that it might be necessary to invent a new
nomenclature which would include the virus derivation and history.

Dr. Suraiya Rasheed (USC) isolated an endogenous, ecotropic rat virus which
transformed cells in culture and produced tumors in rats. The addition of
carcinogenic chemicals enhanced the rate of transformation.

Dr. D. Stehelin (UCSF) showed with a sarcoma virus probe that the RNA of tumor

cells induced by SMC in quail, hybridized extensively (95%). This would
indicate the whole sarcoma genome was present in avian cells and that the
genome represented a cellular gene whose normal function had not yet been
defined.

Dr. Thomas Kawakami (UC Davis) described the history of his isolations of

GaLV from gibbons. All of the SEATO animals were positive for virus; some
animals obtained locally had antibody to GaLV. Further studies were underway
to determine the role of this virus in natural cancer.

Dr. Vaclav Klement (USC) described the colony of wild mice (Lake Casitas)
which had universally high titers of indigenous type C viruses. These mice
also had a high rate of paralysis and lymphoma, nespite viremia, there was
no evidence that they were immunodeficient. Efforts to prevent the paralysis
and lymphoma by vaccination of older mice were not successful; the experiments
will be repeated using newborns.

Dr. S. Hu (Cal Tech) reported electron microscopic studies of structures of
RNA of RD114, baboon, and woolly monkey viruses. In all of the viruses
studied, it appears that (1) the viral RNA was a dimer composed of equal

-

sized end structures; (2) secondary structures on the subunits suggested
that the end structures were identical; and (3) the central structures
probably had some significance in normal cell function.
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Dr. Hans Heiniger (Jackson Laboratory) explained why the HRS/J mutant mouse
is useful for studies on leukemogenesis. HRS/J mice possess a single gene
responsible for an immune deficiency, resulting in a condition favoring
endogenous type C RNA virus replication. Strong immunological regulation of
the endogenous virus resulted in a low cancer incidence, while the absence
of regulation resulted in high cancer incidence.

VII International Symposium on Comparative Research on Leukemia and Related
Diseases , held October 13-17, 1975 in Copenhagen, Denmark. Papers on the
following topics were presented: ontogeny and evolution of normal and
malignant hemapoietic cells; immunological and biochemical aspects of
cellular transformation; oncornaviruses I (virus-cell interactions and virus
structure analyses); oncornaviruses II (virus-host interactions); epidemiology
of leukemia and related diseases in various species; status of in vitro
correlates of cellular immunity; DNA tumor viruses I (virus-cell interactions);
DNA tumor viruses II (virus-host interactions); comparative aspects of
etiology and diagnosis; comparative aspects of herpesvirus oncogenesis;
comparative aspects of RNA tumor virus oncogenesis; comparative biochemistry,
molecular biology, and immunology of RNA tumor virus; therapy and control of
leukemia and related diseases in man and other species; and relevant new
concepts.

Several research reports were given at this meeting by NCI scientists. Only
a few highlights follow:

Drs. David Gillespie (NCI) and Robert C. Gallo (NCI) evaluated the existing
evidence linking human leukemia with a certain type of virus having an
hereditary core of RNA. They presented several hypotheses as to how RNA
viruses might cause acute myelogenous leukemia (ALL) and suggested that
people can carry these viruses without a harmful effect, with disease occur-
ring in rare cases. Dr. Robert Gallagher and Dr. Gallo reported isolation
of an RNA virus from the laboratory-grown cells of a woman with ALL. The
virus is similar biochemically and immunologically to two viruses that cause
cancer in non-human primates. Other scientists have recently reported the
isolation of similar viruses from both normal and cancerous human tissues.

Dr. Richard H. Adamson (NCI) reported on the toxicology and pharmacology of
the naturally occurring anticancer agent, maytansine, a compound originally
isolated from an East African shrub. The compound shows promise as an anti-
cancer drug in animal tests that precede studies with cancer patients.

Dr. Bruce A. Chabner (NCI) discussed a biochemical test that may predict
how a patient with acute myelogenous leukemia will respond to standard
chemotherapy. The test compares the activities of two types of enzymes,
kinases and deaminases, in the abnormal white blood cells of AML patients.
AML patients with high levels of activating enzyme and low levels of de-
activating enzyme conceivably would have a better response to drug therapy.

Second Conference on Host Immune Resistance in the Prevention or Treatment
of Induced Neoplasia . This conference was co-sponsored by the VCP, NCI and
the Fogarty International Center, NIH. Held on December 1-3, 1975 in

Bethesda, the meetings were attended by over 150 participants from the
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United States, Europe and South America. The actions of chemical and
biological adjuvants on cell -mediated and humoral immune responses were
discussed.

Experimental and clinical evidence showed that chemical and biological
adjuvants act by increasing host immunity to virus infections through effects
on macrophages and/or thymus-derived or bone marrow-derived lymphocytes. The
kinetics of cellular stimulation by two chemical adjuvants, Levamisole and
Pyran copolymer, were presented in detail; their protective effect was
demonstrated in experimental animal model systems. The benefits derived
from treating cancer patients with Levamisole and Thymosin were considered.
Interferon treatment of virus infections and tumors was discussed in relation
to the ability of vaccines and/or immunoglobulins to modify or prevent these
diseases.

Third International Congress for Virology . The Third International Congress
for Virology was held in Madrid, Spain, September 10-17, 1975. The meeting
was divided into five major symposia as well as a number of workshops and
conversaziones in which many of the general topics covered in the symposia
were covered in much greater detail. The first symposium session was chaired
by Dr. D. Nathans and included a number of presentations on the genetic map-
ping of certain bacteriophages as well as representatives of each of the major
groups of DNA viruses including SV40, adenovirus and herpesvirus. Dr. J.

Bancroft convened the following session dealing with an analysis of the
replication of RNA animal viruses with multipartite genomes. These symposia
were followed by a session concerned primarily with cellular regulation of
bacteriophage expression and heritable changes in bacteria as a consequence
of bacteriophage infection. Dr. J. Melnick chaired the fourth symposium
which dealt with mechanisms of oncogenesis of both DNA and RNA and included
a presentation by Dr. M. Bishop on the avian RNA tumor virus "sarc" gene
and a consideration by Dr. R. Weiss of a number of type C virus isolates of
possible human origin. The final symposium related to the question of defec-
tiveness of RNA and DNA viruses. The workshops included many interesting
presentations concerning viruses of both prokaryotic and eukaryotic cells
and were highlighted by a session organized by Dr. A.J. Nahmias which dealt
with basic questions related to the origin and subsequent evolution of viruses.

Tenth Meeting on Mammary Cancer in Experimental Animals and Man . The Xth

Meeting on Mammary Cancer in Experimental Animals and Man, co-sponsored by •

the VCP and the Breast Cancer Task Force, was held in Kobe, Japan, March 29-

31, 1976, in conjunction with a Breast Cancer Task Force Meeting in Tokyo
and a Virus Tumor Meeting in Kyoto. A summary of this meeting will appear
in next year's annual report.
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8. Aaslostad, H.G., Twardzik, D.R., Armstrong, G.R., Zeve, V.H. i..i<I

Ablashi, D.V.: Partial purification and biochemical
characterization and Herpesvirus saimiri (HVS) . In De The, G.,
Epstein, M.A. and Zur Hausen, H. (Ed.): Oncogenesis and

• Herpesviruses II. Proc 2nd Int Symp on Oncogenesis and
Herpesviruses, Oct. 1974, Nuremberg, Germany. Lyon, France, lAHC
Sci Pub No. 11, 1975. Part 1, p 269-275

9. Ablashi, D.V.: Summary Epstein-Barr Virus Workshop. Am Soc Microbiol
News 41: 364-365, 1975.

10. Ablashi, D.V. : Discussion-summary-vaccination and other protective
measures. In De The, G., Epstein, M-A. and Zur Hausen, H. (Ed.):
Oncogenesis and Herpesviruses II- Proc 2nd Int Symp on Oncogenesis
and Herpesviruses, Oct. 1974, Nuremberg, Germany. Lyon, France,
lARC Sci Pub No. 11, 1975. Part 2, p 361-362.

11. Ablashi, D.V. , Aaslestad, H.G. and De The, G.: Workshop on
Epstein-Barr Virus: Summary and recommendations. J Natl Cancer Inst
(In Press)

.

•12. Ablashi, D.V., Aaslestad, H.G. and Easton, J. M. : Oncogenic
herpesviruses- Conf on Adv in Comparative Virology, Oct. 1975,
Munich, Germany. «H0 Collaborating Center for Collection and
Evaluation of Data on Comparative Virology (In Press)

.

1158



13. iblashi, D.V., Armstrong, G.H., Fellows, C, Easton, J.M. and
Twardzik, D.E.: Evaluation of the effects of phosphonoacetic acid
(PAA) and 2-Deoxyd-Glucose (2DG) on Herpesvirus saimiri (HVSJ in
vero cells. In Proc 3rd Int Symp on Detection and Prevention of
Cancer, April 1976, New York (In Press)

.

14. Ablashi, D.V. and Easton, J. H. : Preventive vaccination against
Herpesvirus saimiri-induced neoplasia. Cancer Res 36: 701-703,
1976.

15. Ablashi, D.7., Loeb, W.F., Pearson, G.R., Valerio, M.G., Armstrong,
G.E,, Cicaanec, J.L., Heine, U. and Kingsbury, E.W.: Comparison of
lymphomas induced in owl monkeys with Herpesvirus saimiri (HVS)

,

heated HVS, and HVS-genome carrying cells. In Severi, L. (Ed.):
Multiple Primary Malignant Tumors. V Perugia Quadrennial Int Conf
on Cancer 1973, Perugia, Italy. Division of Cancer Res, 1975 p
721-729.

16. Ablashi, D.Y., Oie, H.K., Armstrong, G.R., Didier-Pichet, M.L.

,

Tronick, S.E., Heine, D. and Dalton, A.J.: Xenotropic properties of
an isolate from murine Eauscher leukemia virus. J of Med Primatology
(In Press) .

17. Abramson, J.H., Avitzour, M. and Peritz, E.: Mortality from lymphomas
in Israel, 1950-71: The possible role of environmental factors. Int
J Epidemiology 4: 321-329, 1975.

18. Abrell, J.W., Eeitz, M.S. and Gallo, R-C, : Transcription of 70S RNA
by DNA polymerases from mammalian SNA viruses. J Virol 16:
1566-1574, 1975.

19. Ahmed, H., Korol, R., Larson, D.L., Harewood, K.R. and Mayyasi, S.

:

Interactions between endogenous baboon type C virus and oncogenic
viruses. I. Syncytium-inductions and development of infectivity
assay. Int J Cancer 16: 747-755, 1975.

20. Ahmed, M. , Schidlovsky, G., Larson, D.L., Manousos, M. and Mayyasi,
S. : Detection of simian type C particles in Mason-Pf izer virus
infected cultures. J Gen Virol 30: 11-20, 1976.

21. Aisenberg, A.C- and Long, J.: Lymphocyte surface characteristics in
malignant lymphoma. Am J Med 58: 300-306, 1975.

22. Albrecht, T., Nachtigal, H., St. Jeor, S.C. and Rapp, F. : Induction of
cellular 09k synthesis and increased mitotic activity in Syrian
hamster embryo cells abortively infected with human cytomegalovirus.
J Gen Virol (In Press) .

23. Anderson, G-A. and Eobbins, K.C.: Eat seguences of the Kirsten and
Harvey murine sarcoma virus genomes: Nature, origin, and expression
in rat tumor ENA. J Virol 17: 335-351, 1976.

24. Andersson, H., Ziegler* J.L., Klein, G. and Henle, W.: Association of
Epstein-flarr viral genomes with American Burkitt lymphoma. Lancet
(In Press) .

25. Anzai, T. , Dreesman, G.R., Courtney, E.J., Adam, E., Bawls, H.E. and
Benyesh-Melnick, n.: Antibody to herpes simplex virus type
2-induced nonstructural proteins in women with cervical cancer and
in control groups. J Natl Cancer Inst 54: 1051-1059, 1975.

1159



26. ioki, T. , Herberoan, 5.B. and Liu, H.: Changes in surface antigens on %
endogeooos type C virus producing cell sublines derived from a
clonal line of BALB/3T3 cells. Intervirology 5: 31-U2, 1975.

27. &oki, T., Lia, H., Walling, M.J., Busbar, G.S., Brandchaft, P. B. and
Kawalcami, T.G.: Specificity of naturally occurring antibody in
normal gibbon serum. Science (In Press).

28. Aoki, T., Potter, H-, Sturm, H.w., Liu, H. and Walling, M.J.: Cell
populations and known surface antigens of tumors induced by Abelson %
virus in pristane- primed BALB/c mice: An analysis by immunoelectron
microscopy. J Natl Cancer Inst 55: 1097-1106, 1975.

29. Aoki, T. and Sibal, L.R.: Surface antigens associated with BNA type C
viruses. In Bucalossi, P., Veronesi, 0. and Cascinelli, N. (Ed.):
Chemical and Viral Oncogenesis. Proc XI Int Cancer Congress,
Florence, 1974. Mew York, American Elsevier Publishing Co., 1975 p
243-247.

30. Aoki, T. and Sibal, L.R.: RNA oncogenic virus associated antigens and
host immune response to them. In Becker, R. (Ed.): Cancer: A
Comprehensive Treatise. New York, N. Y. , Plenum Press, 1975, Vol. 4,

p 159-183.

31. Aoki, T. and Sibal, L.B.: Type C virus associated antigens and their
relevance to human tumor immunotherapy. Cancer Res 36: 591-597,
1976.

32. Armstrong, G.R., Orr, T., Ablashi, O.V., Pearson, G.R., Rabin, H.,
Loeb,. H.F. and Valerio, M.G. : Characterization of Herpesvirus ^
saimiri isolated from a chronically infected owl monkey. J Natl ^
Cancer Inst (In Press) .

33. Arnold, H.J-, Russo, J., Soule, H.D- and Rich, M.A.: Onlabeled
antibody ianunocytochemistry applied to murine mammary tumor cells.
33rd Annu Proc Elecx.ron Microscopy Soc of America, Aug. 1975, Las
Vegas, Nevada, p 390-391 (Abstract)-.

34. Arnold, W.J., Soule, H.D. and Russo, J.: Fine structure of a murine
mammary carcinoma cell line. In Vitro 12: 57-64, 1976 (Abstract)

.

35. Arnold, H.J. , Soule, H.D. and Russo, J.: Fine structures of a human
mammary carcinoma cell line, llCF-7. In Vitro 10: 62, 1975
(Abstract).

36. Arthur, L.O., Fine, D-L. and Bandyopadhyay, A.K.: Divalent cation
specificities of in vitro produced mouse mammary tumor virus. J
Virol (In Press)

.

37. August, J.T. and Strand, M. : Genetic expression of mammalian tumor
viruses. In Clemensen, J. and Yohn, D.S. (Ed.): Proc VII Int Symp ^
on Comparative Research in Leukemia 6 Related Diseases, Oct. 1975,

"
Copenhagen, Denmark. Basel, S. Karger AG, 1976 (Abstract)

.

38. Aurelian, L. : Sexually transmitted disease? The case for genital
herpes. J Am Venereal Dis Assn (In Press)

.

39. Aurelian, L-: Coitus and Cancer. Proc Conf on Sexually Transmitted
Diseases, New York Academy of Hedicine, Nov. 1974 (In Press).

1160



<»0. Aurelian, L., Bell, E.B., Jacobs, R.P. and Donnenberg, &.D.:
Cell-mediated immunity (CHI) to HSV-2 antigens in patients with
cervix cancer. Proc Am Assoc for Cancer Ees, Hay 1976, Toronto,
Canada, Vol. 17, Harch 1976 (Abstract).

41. Aurelian, L., Cornish, J.D. and Smith, M.F-: Herpesvirus type 2
induced tomor-specific antigen (AG-U) and specific antibody in
patients with cervical cancer and controls. In De Th§, G., Epstein,
U.K. and Zar Hausen, H. (Ed.) : Oncogenesis and Herpesviruses II.
Proc 2nd Int Symp on Oncogenesis and Herpesviruses, Oct. 197U,
Nuremberg, Germany. Lyon, France, lARC Sci Pub No. 11, 1975. Part
2, 79-87.

'»2. Aurelian, L., Smith, H.F. and Cornish, J.D. : IgM antibody to a
tumor-associated HSV-2 induced antigen (AG-4) : Its use in locating
the antigen in infected cells. J Natl Cancer Inst (In Press).

H3, Aurelian, L. and Strnad, B.C.: Herpesvirus type 2-related antigens
and their relevance to humoral and cell-mediated immunity in
patients with cervical cancer. Cancer fies 36: 810-820, 1976.

44. Aurelian, L. , Strnad, B.C., Jacobs, R.P., Bell, R.B. and Smith, H.P.:
Herpesvirus antigens and cell-mediated immunity in cervical cancer.
In Crowell, R. , Friedman, H. and Prier, J. (Ed.): Tumor Viruses and
Immunity. Baltimore, Hd., University Park Press (In Press).

45. Aurelian, L., Strnad, B.C. and Smith, M.F. : Immunodiagnostic
potential of a virus-coded, tumor-associated antigen (AG-4) in
cervical cancer. Cancer (In Press).

46. Axel, R. and Spiegelman, S. : Molecular virology of human neoplasia.
In: Selected Aspects of Oncologic Hedicine. University Park Press>
(In Press)

.

47. Bader, A.V. and Bader, J. P.: Transformation of cells by Rous sarcoma
virus: Cytoplasmic vacuolization. J Cell Physiol 87: 33-46, 1976.

48. Bailey, J.M. and Davidson, N. : Methylmercury as a reversible
denaturing agent for agarose gel electrophoresis. Analy Biochem (In
Press) .

49. Balabanova, H., Kotler, K. and Becker, Y.: Transformation of cultured
human embryonic fibroblasts by oncornavirus-like particles released
from a human carcinoma cell-line. Proc Natl Acad Sci USA 72:
2794-2798, 1975.

50. Balda, B.-R., Hehlmann, R., Cho, J. -5. and Spiegelman, S.:
Oncornavirus-like particles in human skin cancers. Proc Natl Acad
Sci USA 72: 3697-3700, 1975.

51. Baldwin, C.L., Sabel, F.L. and Henke, C.B.: Bedding disposal cabinet
for containment of aerosols generated by animal cage cleaning
procedures. Appl Microbiol 31 (In Press).

52. Baltimore, D. : The strategy of RNA viruses. In Zabriskie, J. (Ed.):
The Harvey Lectures, series 70. New York, Academic Press, 1976 (In
Press) . .

53. Baltimore, D., Silverstone, A.E., Rung, P.C, Harrison, T. A. and
HcCaffrey, R.P.: what cells contain terminal deoxynucleotidyl
transferase? In Cunningham, A-J- (Ed.) : The Generation of Antibody
Diversity: A New Look. London, Academic Press, 1976 (In Press).

1161



54. Baluda, H.A., Shoyab, a.. All, a., narkham, P.D. and Drohan, H.H.:
Restricted addition of proviral DNA in target tissues of chickens
infected with avian myeloblastosis virus. In Neth, R. (Ed.) : Hodern

I
Trends in Human Leukemia II. Biochemical, Biological and

! Immunological Aspects of Cell Differentiation, Hamburg, W. Germany
' (In Press) .

55. Bandyopadhyay, A.K.: Partial purification and properties of a new DNA
polymerase from a Rous sarcoma virus
Biochim Biophys Acta U07: 1-13, 1975.
polymerase from a Rous sarcoma virus transformed rat cell line (XC) . m

56. Barahona, H-, Daniel, M.D., Bekesi, J.G., ?raser, C.E.O., King, N.H.,
Ingalls, J.K. and Jones, T.C. : In vitro suppression of Herpesvirus
saimiri (H7S) replication by phosphonoacetic acid (PAA) . Proc Am
Assoc for Cancer Res, Hay 1976, Toronto, Canada, Vol. 17, Harch 1976
(Abstract) .

57. Barahona, H., Daniel, H.D., Katz, S.L., Ingalls, J.K., Helendez, !..
and King, N.W.: Isolation and in vitro characterization of a
herpesvirus from a California ground sguirrel (Citessus sp.) . Lab
Anim Sci (In Press)

.

58. Barahona, H., Daniel, M.D., King, N.0., Praser, C.E.O., Hunt, R.D.,
Jones, T.C. and Bekesi, J. G. : In vitro studies of phosphonoacetic
acid (PAA) on two oncogenic herpesviruses-H. saimiri and H. ateles.
In Proc 3rd Int Symp on Detection and Prevention of Cancer, April
1976, New York (Abstract).

59. Barahona, H. , Melendez, L.V., Hunt, R.D., Forbes, H., Praser, C.5.0.
a-nd Daniel, M.D.: Experimental horizontal transmission of A
Herpesvirus saimiri from sguirrel monkeys to an owl monkey. J Infect
Dis 132: 694-697, 1975.

60. Barnes, R.D., Tuffrey, H., Holliday, J., Hilgers, J. and Souissi, T.

:

Murine leukemia virus group-specific antigen in tumor resistant
tetraparental AKR-CBA/H-T6 chimaeras. Br J Cancer (In Press)

.

61. Bassin, R.H., Duran-Troise, G., Gerwin, B.I., Gisselbrecht, S. and
Rein, A. : Murine sarcoma virus pseudotypes acquire a determinant
specifying N or B tropism from leukaemia virus during rescue.
Nature 256: 223-225, 1975.

62. Beard, J.w. and Beard, D.: Oncogenicity of avian tumor viruses. In
Beaudreau, G. (Ed.): The Biology of Tumor Viruses. Proceedings of
the 34th Annual Biology Colloquium, Corvallis, Oregon, Oregon State
University Press, 1975 (In Press)

.

63. Beard, J.H., Chabot, J. P., Beard, D. , Heine, D. and Houts, G.E.: Renal
neoplastic response to leukosis virus strains BAI A (Avian
Hyeloblastosis Virus) and MC29. Cancer Res 36: 339-353, 1976.

6<t. Beard, J.H., Hillman, E.A., Beard, D.. Lapis, K. and Heine, 0.:
Neoplastic response of the avian liver to host infection with strain
BC29 leukosis virus. Cancer Res 35: 1603-1627, 1975.

65. Becker, Y., Shlomai, J., Asher, Y. , Weinberg, E. , Cohen, T.,
Olshevsky, U. and Kotler, B.: Interaction of herpes simplex virus
type 1 with Rous sarcoma virus transformed rat cells (XC and R(B77)
cell lines) . Intervirology 4: 325-332, 1975.

1162

4



66. Becker, I., Heinberg, £., Cohen, Y. and Klein, G.: Studies on
Epstein-Barr virus specified proteins in Burkitt lymp ho blasts. In:
Epstein-Barr Virus Production Concentration and Purification.
International Agency for Research on Cancer, Internal Technical
Report No. 75 003 (prepared by D.V. Ablashi, H.G. Aaslestad and G.
d? The). Lyon, France, lAEC, 1976, p 285r-294.

67. Bedigian, H.G. and Meier, H. : Isolation of an endogenous C-type BNi
virus from Hus molossinus. J Katl Cancer Inst 55: 1007-1010, 1975.

68. Beemon, K. , Paras, A.J., Haase, A.T., Duesberg, P.H. and Haisel, J.E.:
Genomic coaplexities of murine leukemia and sarcoma,
reticuloendotheliosis, and visna viruses. J Virol (In Press).

69. Bekesi, J.G.: Chemotherapy and immunotherapy with vibrio cholerae
neuraminidase-treated tumor cells in man and experimental animals.
In Sinks, L. (Ed.): Conflicts in Childhood Cancer. New York, Alan
B. Liss, Inc., 1975, Vol. 4, p 65-67.

70.. Bekesi, J.G., Holland, J. P., et al : Immunotherapeutic efficacy of
neuraminidase-treated allogeneic myeloblasts in patients with acute
myelocytic leukemia. In Chirigos, H.A. (Ed.) : Modulation of Host
Immune Sesistance in the Prevention or Treatment of Induced
Neoplasia, Dec. 197^*. Fogeirty Int Center Proceedings No. 28, 1976
(In Press)

.

71. Bekesi, J.G., Holland, J.F. , Cuttner, J., Silver, R. T., Coleman, H.,
Jarowski, C. and Vinceguerra, v.: Immunotherapy in acute myelocytic
leukemia (AHL) with neuraminidase (N'ase) treated allogeneic
myeloblasts with or without KER. Proc Am Assoc for Cancer Bes, Hay
1976, Toronto, Canada, Vol. 17, Harch 1976 (Abstract).

72. Bekesi, J.G., Eoboz, J. P. and Holland, J.P.: Immunotherapy with
neuraminidase-treated murine leukemia cells after cytoreductive
therapy in leukemic mice. In Chirigos, H.A. (Ed.): Modulation of

Host Immune Resistance in the Prevention or Treatment of Induced
Neoplasia, Dec. 197U. Fogarty Int Center Proceedings No. 28, 1976
(In Press)

.

73. Bekesi, J.G., Eoboz, J. P. and Holland, J.F. : Therapeutic
effectiveness of neuraainidase-treated leukemia cells as immunogen
in man and experimental animals with leukemia. Ann NY Acad Sci (In
Press)

.

7'». Bekesi, J.G., Eoboz, J. P. and Holland, J.F. : Characteristics of
immunity induced by neuraminidase-treated lymphosarcoma cells in C3H
(MTV+) and C3H (MIV-) mice. In Weiss, D. (Ed.): Special Edition to
the Israel Journal of Medicine, 1976.

75. Bekesi, J.G., Eoboz, J. P. and Holland, J.F.: Chemoimmunotherapy in
human and experimental leukemia. In Clemensen, J. and Yohn, D.S.
(Ed.): Proc VII Int Symp on Comparative Research in Leukemia &
Belated Diseases, Oct. 1975, Copenhagen, Denmark. Basel, S. Karger
AG, 1976 (Abstract) (In Press).

76. Bekesi, J.G., Eoboz, J. P., Thiem, T. and Holland, J. F. : Therapeutic
effect of exogenous mouse interferon on murine leukemia and mammary
tumor. In Chirigos, M.A- (Ed.): Modulation of Host Immune
Resistance in the Prevention or Treatment of Induced Neoplasia, Dec.
1974. Fogarty Int Center Proceedings No. 28, 1976 (In Press)

.

1163



4

77. Bekesi, J.G., Boboz, J. P., Zimmermaa^ £. and Holland, J.7. : Treatment
of spontaneous leukemia in AKR mice with chemotherapy,
immunotherapy f interferon and virazole. Cancer Res 36: 631-639,
1976.

78. Bell, B.B., Bosenshein, K.B. and Aurelian, L.: Cell-mediated immunity
in cervical carcinoma patients to a herpes simplex virus Il-induced
antigen (AG-e) present in exfoliated anaplastic cells. Abstracts
Anna Mtg Am Soc Microbiology, nay 1976, Atlantic City, M.J.
(Abstract)

.

79. Ben-Bassat, H., Goldblum, N., Bitrani, S., Klein, G. and Johansson,
B.: Concanavalin A receptors on the surface membrane of lymphocytes
from African Burkitt's lymphoma and lymphoma cell lines. Int J
Cancer (In Press) .

80. Ben-Bassat, H., Goldblum, T., Hitrani, S., Bentwich, Z. and Goldblam,
K. : Concanavalin A receptors and other cell surface and antigenic
characteristics of continuous lymphoblastoid cell lines derived from
patients with Kodgkin's disease and other malignant lymphomas. Prog
Bed Virol 21: 177-187, 1976.

81. Bender, V. and Davidson, N-: Happing of poly (A) sequences in the
electron microscope reveals unusual structure of type C oncornavirus
BNA molecules. Cell (In Press).

82. Benton, C.V., Johnson, R.W., Perry, A., Jones, W.I. and Shibley, G.P.:
Tissue culture reageant quality assurance testing in a large-scale
virus production laboratory. In Actin, B. and Lynn, D. (Ed.): Proc
1st Biannu Cell Culture Congress, Birmingham, Ala., Oniv of Alabana
Press, 1975 (In Press) .

4
83. Bentvelzen, P., Aarssen, A.M., Brxnkhof, J., Van Pelt, P.G., De Groot,

F.G. and Van Noord, M.J.: Induction of mammary tumor virus in
primary mouse kidney cultures. 3rd Int Congress for Virology,
Madrid, Spain, Sept. 1975.

SU. Benveniste, H-E., Sherr, C. J., Lieber, PI.M. , Callahan, R. and Todaro,
G.J.: Evolution of primate type C viral genes. In Gottlieb, A. A.,
Plescia, O.J. and Bishop, D.H.L. (Bd.): Fundamental Aspects of
Neoplasia. Sew York, Springer- Verlag, 1975, p 29-53.

85. Benveniste, R.E., Sherr, C.J. and Todaro, G.J.: Evolution of type C
viral genes: Origin of feline leukemia virus. Science 190: 886-888,
1975.

86. Benveniste, H.E. and Todaro, G.J. : Evolution of type C viral genes.
III. Preservation of ancestral murine type C viral sequences in pig
cellular DNA. Proc Natl Acad Sci USA 72: 4090-4091, 1975.

87. Benveniste, R.E. and Todaro, G.J.: Segregation of RD-114 and FeLT
related sequences in crosses between domestic cats and leopard cats.
Nature 257: 506-508, 1975. g

88. Ben-Zee, A., Asher, y. and Becker, Y. : Synthesis of herpes simplex
virus-specified RN A by an RNA polymerase II in isolated nuclei ia
vitro. Virology (In Press).

89. Berchelmann, H.L., Eichberg, J.W. and Kalter, S.S.: Hemograms of
gnotobiotic and conventional infant baboons (Papio cynocephalus)

.

Lab Anim Sci 25: 621-628, 1975.

1164



Bernstein, I., Hellstrom, I., Hellstrom, K.E. and Wright, P. W.

:

lomanity to tamor antigens: Potential implications in hanan
neuroblastoaa. J Natl Cancer Inst (In Press)

.

91. Betuel, H-, Caimnoun, N., Colombani, J., Day, N. E., Ellouz, E. and De
The, G.: The relationship between NPC and the HL-A system among
Tunisians. Int J Cancer 16: 2U9-254, 1975.

92. Bishop, J.B. , Stehelin, D. , Tal, J., Pujita, D. , Roulland-Dussoix, D.,
Padgett, T., Varnus, H.E. and Spector, D. : The transforming gene of
avian sarcoma virus. Symposium on the Molecular Biology of the
Mammalian Genetic Apparatus, California Institute of Technology, Dec
1975 (In Press)

.

93. Blake, B.J., Hunt, R.D., Daniel, M.D.: Herpesvirus saimiri lymphoma
in Aotus trivirgatus: Susceptibility, latent period, hematological
picture and course. 26th Anna Session Am Lab Animal Science, Nov.
1975 (Abstract).

91. Blank, K. , Freedman, H. and Lilly, F.: T. lymphocyte response to
Friend virus-induced tumor cell lines in mice of strains congenic at
e-2. Nature {In Press) .

95. Bobrove, A.M., Fuks, z. , Strober, S. and Kaplan, H. S-: Quantitation of
T and B lymphocytes and cellular immune function in Hodgkin's
disease- Cancer 36: 169-179, 1975.

96. Bonnard, G.D., Handers, E.K., Campbell, D.A., Jr .

,
' Herberman, B.B. and

Collins, H.J. , Jr. : Immunosuppressive activity of a subline of the
mouse EL-t lymphoma I. Immunosuppressive virus causing the
inhibitory activity. J Exp Med (In Press)

.

97. Boone, C.W., Takeichi, N. , Paranjpe, M.S. and Gilden, R. V. :

Vasoformative sarcomas arising from BALB/3T3 cells attached to solid
substrates. Cancer Res (In Press).

98. Boven, J. M. , Dmochowski, L., Miller, M.F., Priori, E.S., Seman, G.,
Dodson, M.L. and Maruyama, K. : Implications of humoral antibody in
mice and huirians to breast tumor and mouse mammary tumor
virus-associated antigens. Cancer Ees (In Press)

.

99. Bowen, J.B., East, J.L-, Allen, P.T., Maruyama, K., Priori, E.S.,
Georgiades, J., Chan, J.C., Miller, M.P., Seman, G. and Dmochowski,
L. : Comparative morphology, immunology, and biochemistry of viruses
associated with neoplasia of animals and man. In Kurstak and
Maramorosh (Ed.): Viruses, Evolution and Cancer. New York, Academic
Press, Inc., 1975, p 403-426.

100. Bowen, J-M,, McBride, CM., Hersh, E. , Miller, M. F. and Dmochowski,
L.: Nucleolar antigens in tumor cells of patients with malignant
melanoma. Immunological Aspects of Neoplasia. 27th Annu Symp on
Fundamental Cancer Research, March 1973, Houston, Texas. Baltimore,
Hd., The Williams & Wilkins Co., 1975, p 223-239.

101. Bowen, J.M. , McBride, CM., Miller, M.F. and Dmochowski, L.: The
relationship of nucleolar antigens in malignant melanoma cells to
disease prognosis. In Proc 9th International Pigment Cell
Conference, Houston, Texas, 1975 (In Press) .

*i02. Bowen, J.M., Miller, M.F. and Dmochowski, L. : Immunoferritin studies
on naturally occurring antibodies in mouse sera against the mouse
mammary tumor virus (MMTV) . Annu dtg Am Assn Cancer Ees SW Section,
Dallas, Tex, Nov. 1975, p 1 (Abstract).

1165



103. Boyd, A.L.: Cross- reacting HSV antigens in hamster and mouse cells
transformed by DV-inactivated HSV- 2. Infection & Immunity (In
Press) .

101. Boyd, A.L.: Characterization of single-cell cloneil lines derived from
HSV-2 transformed mouse cells. Intervirology (In Press).

105. Boyd, A.L. and Orme, T. H. : Transformation of mouse cells aifter
infection with ultraviolet irradiation- inactivated herpes simplex
virus type 2. Int J Cancer 16: 526-538, 1975.

106. Boyd, A.L. , Orme, T.H. and Boone, C.W.: Transformation of mouse cells
with HSV-2. In De The, G., Epstein, (J. A. and Zur Hansen, H. (Ed.):
Oncogenesis and Herpesviruses II. Proc 2nd Int Symp on Oncogenesis
and Herpesviruses, Oct. 1974, Nuremberg, Germany. Lyon, Prance,
lARC Sci Pub No. 11, 1975. Part 1, p 429-435, 1975.

107. Brandchaft, P.B., Aoki, T. and Silverman, T.N.: Immunogenic and
immunosuppressive components in soluble preparations from Holoney
murine leukemia virus-induced tumor cells. Int J Cancer (In Press)

.

108. Brennan, P. J., Steiner, S., Courtney, R.J. and Skelly, J.: Hetabolism
of galactose in herpes simplex virus- infected cells. Virology (In

Press) .

109. Breznock, A.W. and Pulley, L.T.: Anatrichosoma infection in two
white-handed gibbons. J Am Vet Med Assoc 167(7): 631-633, 1975.

110. Briscoe, W.T., Griffin, A-C, McBride, CM. and Bowen, J.M.: The
distribution and properties of aspartyl transfer SKA in human and
animal tumors. Cancer Res 35: 2586-2593, 1975.

111. Brown, T.H., Jr., Heath, C.W., Jr., Lang, R.M., Lee, S.K. and Hhalley,
B.W.: Nasopharyngeal cancer in Bermuda. Cancer (In Press).

112. Buell, P., Henderson, B.E., Louie, E. , Henck, H.R., Henle, W. and
Pike, M.C.: Selected observations on the epidemiology of carcinoma
of the nasopharynx and other pharyngeal cancers. Am J Epidemiol (In
Press)

.

113. Buettner, H. : Isolation of adenovirus DNA fragment specific early
mRNA species. 3rd Int Congress for Virology, Hadrid, Spain, Sept.
1975 (Abstract).

114. Burstein, S.R., Gerwin, B., Taylor, H. and Hestley, J.: Formal
catalytic mechanism of ascorbate oxidase. Proc First Int Symposium
on Iron and Copper Proteins, Hawaiian Islands, Jan. 1976 (In Press)

115. Buss, 2.E. ind Rapp, F. : Quantitative comparison of herpes simplex
virus isolates using a selection assay for transformation. Abstracts
Annu Mtg Am See Microbiology, May 1976, Atlantic City, N.J.
(Abstract) iln Press) .

116. Byers, V-S. , Levin, A.S., Hackett, A.J. and Fudenberg, H.H.: Tumor
specific cell mediated immunity in household contacts of cancer
patients- J Clin Invest 55: 500-513, 1975.

117. Byers, V.S., Levin, A.S., Johnston, J.O. and Hackett, A.J. :

Quantitative immunofluorescence studies on the tumor antigen-bearing
cell in giant cell tumor of bone and osteogenic sarcoma. Cancer Res
35: 2530-2531, 1975.

1166

I

4



118. Cabral, G.A. and Schaffer, P. A.: Electron tnicroscopic stadies of
temperature-sensitive mutants of herpes simplex virus type 2. J
Virol (In Press).

119. Calafat, J., Hilgers, J., Van Blitterswijk, W.J., Verbeet, H. and
Hageman, Ph.C: Antibody-induced modulation and shedding of mammary
tumor virus antigens on the surface of GR ascites leukemia cells as
compared with normal antigens. Presence of these antigens on the B
and C particles. J Natl Cancer Inst (In Press) .

120. Calafat, J., Hilgers, J., Verbeet, M. and Hageman, Ph.C: The mobility
of MTV antigens and nor^ial surface antigens on GR ascites leukemia
cells. 3rd Int Congress for Virology, Madrid, Spain, Sept. 1975
(Abstract) .

121. Caldwell, G.G., Baumgartener, L., Carter, C, Cotter, S., Currier, B.,
Essex, H. , Hardy, W.D., Jr., Olson, C. and Olsen, E.G.:
Seroepidemiologic testing in man for evidence of antibodies to
feline leukemia virus and bovine leukemia virus. In Clemensen, J.
and Yohn, D-S. (2d.): Proc VII Int Symp on Comparative Research in
Leukemia & Related Diseases, Oct. 1975, Copenhagen, Denmark. Basel,
S. Karger AG, 1976 (In Press).

122. Caldwell, G.G. and Heath, C. 9. , Jr.: Case clustering in cancer.
Southern Hedical Journal (In Press)

.

123. Callewaert, D-M., Kaplan, J., Peterson, W.D., Jr. and lightbody, J.:
Suppression of lymphocyte activation by a factor produced by
mycoplasma arginine. J Immunol 115(6): 1162-1664, 1975.

12«. Callewaert, D.K., Kaplan, J., Peterson, K.D., Jr. and Lightbody, J.:
Stimulation in mixed leukocyte culture by a human T lymphoblastoid
cell line. Cell Immunol 19: 276, 1975.

125. Cardiff, E.D., Young, L.J.T. and Ashley, E.L.: Hormone synergism in
the in vitro production of the mouse mammary tumor virus. J
Toxicology & Environmental Health (In Press)

.

126. Casagrande, J.C, Gerkins, V.R., Henderson, B.S., Mack, T. H. and Pike,
H.C.: Exogenous estrogens and breast cancer in women with natural
menopause. J Natl Cancer Inst (In Press).

127. Chahinian, P., Ramachandar, K., Schechter, R., Holland, J. P. and
Bekesi, J.G.: Immuno competence in patients with diffuse malignant
mesothelioma. In Proc 3rd Int Symp on Detection and Prevention of
Cancer, April 1976, New York (Abstract).

128. Chan, E. , Peters, W.P., Sweet, R.W., Ohno, T., Kufe, D. , Spiegelman,
S., Gallo, R.C. and Gallagher, E.E. : Characterization of a
candidate hunan virus (HL-23) from cultured acute myelogenous
leukemic cells. Mature (In Press)

.

129. Chan, J.C, Dmochowski, L. and Bowen, J. H. : Isolation of another
sarcoma-negative, leukemia-positive transformed cell culture
established from murine sarcoma virus-induced rat bone tumor. Annu
Htg Am Assn Cancer fies SW Section, Dallas, Tex, Nov. 1975, p 2H
(Abstract) .

130. Chan, J.C, East, J.L. and Dao.chowski, L.: Sarcoma-negative
leukemia-positive transformed cell culture established from a marine
sarcoma virus-induced rat bone tumor. Cancer Res 35: 2U75-2481,
1975. _

1167



131. Chan, J.C, Vera, N., Allen, P.T. , East, J.L. , Knesek, J.E., Bowen, |1
J.H. and Ihnochowski, L. : Alteration of the synctium-forming
property of XC cells by productive Moloney leukemia virus infection.
Cancer Bes 35: 1854-1857, 1975.

132. Chan, S.H., Chew, T.S. and Simons, H.J.: In vitro assay of
lymphocyte-mediated immunity using 75 selenium-methionine: II.
Lymphocyte activation by phytohaemagglutinin (PHA) in micro
cultures. J Immunol Methods (In Press)

.

^
133. Chan, S.H., Chew, T.S., Yap, J. and Simons, H.J.: In vitro assay of

lymphocyte-mediated immunity using 75 selenium-methionine: I.
Lymphocyte activation by phytohaemagglutinin (PHA) in macro cultures.
Cell Tissae Kinetics (In Press).

^3H. Chan, S.H., Simons, H.J., Chew, T. S., De The', G. and Shanmugaratnaa,
K. : Immunological aspects of nasopharyngeal carcinoma (HPC) - In
vitro lymphocyte hyporesponsiveness to stimulation with
phytohaeoagglutinin (PHA) . Int J Cancer (In Press) .

135. Charman, H.P., Gardner, M.B., McAllister, R.H., Kim, N. and Gilden,
R.V.: Humoral immune responses of cats to mammalian type C virus
p30. Int J Cancer (In Press).

136. Charman, H.P., Kim, N., Gilden, R.V., Hardy, H.D. , Jr. and Essex, H.:
Humoral i«mune responses of cats to feline leukemia virus:
Comparison of responses to the major structural protein, p30, and to
a virus specific cell membrane antigen (FOCMA) . J Natl Cancer Inst
(In Press).

137. Charcan, H.P., Kim, N. , White, H., Marquardt, H., Gilden, R. V. and
"

Kawakami, T.G.: Natural and experimentally induced antibodies to
defined mammalian type C viral proteins in primates. J Natl Cancer
Inst 55(6): 1419-1424, 1975.

138. Charney, J., Holben, J. A., Cody, CM. and Moore, D.H.: Further
immunization studies with mammary tumor virus. Cancer Res 36:
777-780, 1976.

139. Charney, J., Moore, E.H., Holben, J. A. and Cody, CM.: Prevention of
multiple tumor development in mice by immunization with inactivated
mammary tomor virus. In Severi, L. (Ed.): Multiple Primary
Malignant Tumors. V Perugia Quadrennial Int Conf on Cancer 1973,
Perugia, Italy. Division of Cancer Res, 1975, p 1125-1133.

140. Chirigos, H.A., Hohr, S.J. and Chaparas, S.D. : Combined modality
treatment with levamisole against neoplasias and protective effects.
In Chirigos, M.A. (Ed.) : Modulation of Host Immune Resistance in the
Prevention or Treatment of Induced Neoplasia, Dec. 1974. Fogarty
Int Center Proceedings No. 28, 1976 (In Press).

^H^. Chirigos, M.A. and Theodore, T. : The effect of immune modulators on \

the oncogenic process: Adjuvant effect of staphylococcus aureus in
treating murine leukemia. In Friedman, H. and Southam, C. (Ed.)

:

International Conference on Immunobiology of Cancer. New York, New
York Acadeny of Sciences, 1975 (In Press)

.

142. Chirikjian, J.G. and Papas, T.S.: Affinity fractionation of DNA
polymerases from viruses and viral transformed cells. Proc 2nd Natl
Hellenic Coiig of Oncology, April 1975, Athens, Greece 2: 452-461, i

1975.
"

1168



1«3. Chirikjian, J.G., Samuel, K., Papas, T.S.: Release of the alpha
subunit from AMV DNA polymecase. Proc I Int Congress of

Biochemistry (In Press)

.

1*»4. Chopra, H.C.: An oncorna-type virus from monkey breast tumor. In
Melnick, J. (Ed.): Progress Medical Virology. Basel, S. Karger AG,
1976, Vol. 22 (In Press).

115. Chopra, H-C. and Vlahakis, G. : In vivo transformation study of
preneoplastic mammary glands of different strains of mice. X Mtg on
Hammary Cancer in Experimental Animals and Han, March 1976,
Nara-Ken, Japan (Abstract)

.

lae. Chopra, H.C., Hoodside, N.J. and Vlahakis, G. : Hew morphological
variants of mouse mammary tumor virus in high tumor strains of mice.
Microbios 13: Ul-50, 1975.

117. Cockerell, G.L. , Krakowka, S., Hoover, E.A., Olsen, E.G. and Yohn,
D.S.: Lymphocyte mitogen reactivity in feline leukemia virus
infected cats and identification of feline T and B lymphocytes. In

Clemensen, J. and Yohn, D-S- (Ed.): Proc VII Int Symp on Comparative
Research in Leukemia & Related Diseases, Oct. 1975, Copenhagen,
Denmark. Basel, S. Karger AG, 1976 (Abstract) (In Press).

ms. Colcher, D. , Drohan, W. and Schlom, J.: Mason-Pfizer virus RHA
genome: Relationship to the RNA of morphologically similar isolates
and other oncornaviruses. J Virol (In Press)

.

1t9. Courtney, R.J.: Immunological and biochemical characterization of
individual polypeptides induced by herpes simplex virus types 1 and
2. In Borek, C. and King, D. H. (Ed.): Herpes Viruses (Advances in
Pathobiology) . New York, Stratton Intercontinental Medical Book
Corporation (In Press)

.

150. Crittenden, L.B.: The epidemiology of avian lymphoid leukosis.
Cancer Res (In Press) .

151. Crittenden, L.B. and Hotta J. V-: The role of the tvb locus in genetic
resistance to RSV (RAV-0) . Virology 67: 327-334, 1975.

152. Crittenden, L.B- and Robinson, H.L. : Genetic control of endogenous
avian tumor virus expression. In Clemensen, J. and Yohn, D.S.
(Ed.) : Proc VII Int Symp on Comparative Research in Leukemia 5

Belated Diseases, Oct. 1975, Copenhagen, Denmark. Easel, S. Karger
AG, 1976 (In Press)

.

153. Cuatico, H., Cho, J.-R. and Spiegelman, S. : Molecular evidence for a
viral etiology of human CNS tumors. Acta Neurochir (In Press)

15U. Cuttner, J., Bekesi, J.G. and Holland, J. P.: Chemoimmunotherapy of
acute leukemia using MER. Proc Am Soc Clinical Oncology, May 1976,
Toronto, Canada (Abstract)

.

155. Cuttner, J., Holland, J.F., Bekesi, J.G. and Silver, B.T.:
Immunotherapy of acute myelocytic leukemia with MER. N Engl J Bed
(In Press]

.

156. Daniel, M.D., Barahona, H., Bekesi, J.G. , Praser, C.E.O., King, N.H.,
Ingalls, J.K., Silva, D. and Jones, T- C. : The effects of
phosphonoacetic acid (PAA) on oncogenic and non-oncogenic primate
herpes viruses. Proc 60th FASEB Annu Mtq 1976, Anaheim, Ca.
(Abstract) .

1169



157. Daniel, H.D. , Hunt, R- D. , DuBose, D., Silva, D. and Melendez, L.V.:
Induction of Herpesvirus saimiri lymphoma in New Zealand white
rabbits inoculated intravenously. In De The', G., Epstein, H.A. and
Zur Hausen, H. (Ed.): Oncogenesis and Herpesviruses II. Proc 2Qd
Int Symp on Oncogenesis and Herpesviruses, Oct. 197U, Kurenberg,
Germany. Lyon, France, lABC Sci Pub No. 11, 1975. Part 2, p
205-208.

158. Daniel, M.D-, Silva, D., Jaclcman, D. , Sehgal, P., Baggs, R.B., Hunt,
B.D. and Helendez, L.V. : Reactivation of squirrel monkey heart
isolate (Herpesvirus saimiri strain) from latently infected human
cell cultures and induction of malignant lymphoma in marmoset
monkeys. In Clemensen, J. and Yohn, D.S. (Ed.): Proc VII Int Symp
an Comparative Research in Leukemia S Related Diseases, Oct. 1975,
Copenhag^i, Denmark. Basel, S. Karger AG, 1976 (In Press).

159. Davis, J., Gilden, B.V. and Oroszlaa, S.: An antigenically related
trypticpolypeptide froa several mammalian type C RNA virus p30s.
Intervirology (In Press) .

160. Davis, J., Scherer, M., Tsai, W.P. and Long, C. : A low molecular
weight Rauscher leukemia virus protein with preferential binding for
single-stranded RNA and DNA. J Virol (In Press).

161. Deinhardt, P.: Eine immunologische tumorprophylaxe oder therapie
denkbar. Immunologie & Gesselschaft (In Press)

.

162. Deinhardt, P.: Cat leukemia virus and immunology. Blood 46: 143-146,
1975.

163. Deinhardt, P. : Epidemiology and pathogenicity of Epstein-Barr and
other oncogenic herpesviruses of man and nonhuman primates. Proc
VIII Int Congress of Tropical Med, Hamburg, Germany, Oct. 1975.

164. Deinhardt, P., Palk, L.A., Wolfe, L.G., Paciga, J. and Johnson, D.

:

Responses of marmosets to experimental infection with Epstein-Barr
virus (EBV). In De The, G., Epstein, M.A. and Zur Hausen, H. (Ed.):
Oncogenesis and Herpesviruses II, Proc 2nd Int Symp on Oncogenesis
and Herpesviruses, Oct. 1974, Nuremberg, Germany. Lyon, Prance,
lARC Sci Pab No. 11, 1975. Part 2, p 161-168.

165. Deinhardt, P., Wolfe, L. G. and Ogden, J.D. : The importance of rearing
marmoset monkeys in captivity for conservation of the species and
for biomedical research. In Monographs of the Pan American Health
Organization. 1st Inter-American Conf on Conversation and
Utilization of South American IJon-Human Primates in Biomedical
Research, Lima, Peru, June 1975 (In Press)

166. De Leon, V., Yang, V.K. and Sirlin, J.L.: Mouse histidyl-tRNAs during
pregnancy. Differentiation of activity profiles within and between
organs. Differentiation 4: 65-72, 1975.

167. Del Villano, B.C., Croker, B.P., McConahey, P.J. and Dixon, P. J.

:

Immunopathoqenicity and oncogenicity of murine leukemia viruses. II.
Infection of mice and rats with Scripps leukemia virus. An J
Pathology (In Press)

.

168. Dal Villano, B.C., Kennel, S.J. and Lerner, R-A-: Biological and
structural pleomorphism of the oncornavirus envelope glycoprotein,
gp70. In Hanna, M.G. and Rapp, F. (Ed.): Contemporary Topics in
Immunobioloqy, New York, N. Y. , Plenum Press, Vol 6, (In Press)

1170



169.- Del Villano, B.C. and lerner, R.A. : Relationship b'etween the
ODCornavicas gene product gp70 and a major protein secretion of the
mouse genital tract. Nature (In Press)

.

Del Villano, B.C., Nave, B. and Lerner, R.A.: Oncornavirus genes and
host proteins. In Clemensen, J. and Yohn, D.S. (Ed.): Proc VII Int
Symp on Comparative Research in Leukemia & Related Diseases, Oct.
1975, Copenhagen, Denmark. Basel, S. Karger AG, 1976 (In Press).

171. Desgranges, C, JJolf, H., 2ur Hausen, H. and De The, G.: Further
studies on the detection of the Epstein-Barr viral DMA on
nasopharyngeal carcinoma biopsies from different parts of the world.
In De The'', G., Epstein, M. A. and Zur Hausen, H. (Ed.): Oncogenesis
and Herpesviruses II. Proc 2nd Int Symp on Oncogenesis and
Herpesviruses, Oct. 197 4, Nuremberg, Germany. Lyon, France, lABC
Sci Pub Ho. 11, 1975. Part, 2, p 191-193.

172. Desgranges, C, Holfe, H., De The, G., Shanmugaratnam, K., Ellouz, R.

,

Cammoun, H., Klein, G. and Zur Hausen, H. : Nasopharyngeal carcinoma
X - Presence of Epstein-Barr genomes in epithelial cells of tumours
from high and medium risk areas. Int J Cancer 16: 7-15, 1975.

173. De The, G.: Facteurs immuno-virologigues dans les epitheliomas du
rhinopharynx. Bull Cancer 62: 265-276, 1975.

171. De Th/, G. : The Epstein-Barr virus (EBV) , its transforming activity
in vitro, its oncogenic potential in vivo and its likelihood of

being the first proven human cancer virus: Proc Symp on Viruses and
Exchange of Genetic Information in Prokaryotes, Moscow, May 1975 (In

Press)

.

175. De The, G.: EBV behavior in different populations - implication for
control of EBV associated tumors. Int Symp for Human Tumors,
Viruses and Vaccines. Cancer Res 36: 428-431, 1976.

176. De The, G., Day, N.E., Geser, A., Ho, J.H.C., Simons, H.J., Sohier,
R. , Tukei, P. and Vonka, V.: Epidemiology of the Epstein-Barr virus
infection and associated tumours in man, a tool for aetiology and
control. In Clemensen, J. and Yohn, D.S. (Ed.): Proc VII Int Symp
on Comparative Research in Leukemia 5 Related Diseases, Oct. 1975,
Copenhagen, Denmark. Basel, S. Karger AG, 1976 (In Press).

177. De The, G., Day, N.E., Geser, A., Lavoue', M.F., Ho, J.H.C., Simons,
M.J., Sohier, R., Tukei, P., Vonka, V. and Zavadova, H.

:

Sero-epidemiology of the Epstein-Barr virus - Preliminary analysis
of an international study. In De The", G., Epstein, M.A. and Zur
Hausen, H. (Ed.): Oncogenesis and Herpesviruses II. Proc 2nd Int
Symp on Oncogenesis and Herpesviruses, Oct. 1974, Nuremberg,
Germany, Lyon, France, lARC Sci Pub No. 11, 1975. Part, 2, p 3-16.

178. De The, G. and Geser, A.: Etudes epidemiologigues prospectives et
nature de 1 'association entre le virus d' Epstein-Barr (EBV) et le
lymphome de Burkitt (BL) . C R Acad Sci (d) (Paris) (In Press).

179. De The, G., Geser, A. and Hunoz, N.: Viruses and human neoplasia. In
Symington, T. and Carter, R.L. (Ed.): Scientific Foundations of
Oncology. London, Wm. Heinemann Medical Books Ltd. (In Press).

1171



180. De The, G., Ho, J.H.C., Ablashi, D.V. , Day, N.E., Macario, A.J.L.,
Hartin-Berthelon, M.C., Pearson, G.E. and Sohier, R.: Nasopharyngeal
carcinoma IX - Antibodies to EENA and correlation with response to ^
other EBV antigens in Chinese patients. Int J Cancer 16: 713-721, ^K
1975. ^

181.

182.

183.

184.

185.

186.

187.

188.

139.

190.

191.

De The, G., Ho, J.H.C., Ablashi, D.V., Day, N.E., Hacario, A.J.L.,
Hartin-Berthelon, M. CI., Pearson, G.R. and Sohier, R.

:

Nasopharyngeal carcinoma. IX- Antibodies to EENA and correlation
with response to other EBV antigen in Chinese patients. Int J Cancer
16: 713-721, 1975.

De The, G. , Bo, J. B.C. and Huir, C. : Nasopharyngeal carcinoma. In
Evans, A. S. (Ed.): Viral Infections in Han: Epidemiology and
Control. New York, Plenum Press (In Press)

.

De The", G. and Simons, H.J.: Nasopharyngeal carcinoma - Evidence for
viral and immunogenetic factors. In Bucalossi, P., Veronesi, 0. and
Cascinelli, N. (Ed.): Tumors of Specific Sites. Excerpta Hedica 6:
123-127, 1975.

Didier, M. L. , Ablashi, D. V. , Oie, H.K., Armstrong, G.R., Easton, J.M.,
Chu, E.W. and Rabson, A.S. : Some biological properties of
Herpesvirus saimiri from chronically infected monolayer and
suspension cultures. In: Epstein-Barr Virus Production
Concentration and Purification. International Agency for Research
on Cancer, Internal Technical Report No. 75 003 (prepared by D.V.
Ablashi, H.G. Aaslesi ad and G. de The). Lyon, France, lARC, 1976 1,
p a91-U95.

Dix, R.D. and Courtney, R . J. : Effects of cytochalasin B on herpes
simplex virus type 1 replication. Virology (In Press) .

Dmochowski, L. : Viral type A and type B hepatitis—morphology,
biology, and immunology—a review. Am J Clin Pathology (In Press).

Dmochowski, L.: Viruses and human breast cancer,
the Breast 1: 16-19, 1975.

Breast—Diseases of

Dmochowski, L. and Bowen, J.H.: Transforming factors in human sarcoma
cells in tissue culture. Journal of Clinical Orthopaedics and
Related Research (In Press).

Dmochowski, L. and Bowen, J.M.: Relevant results of experimental
oncology for detection and prevention of cancer. In Proc 3rd Int
Symp on Detection and Prevention of Cancer, April 1976, New York
(Abstract) (In Press) ,

Dmochowski, L., Bowen, J.H-, Killer, H.P., Scanlon, H.D. and Seman,
G. : Humoral immunity in mouse and human breast cancer. X Htg on
Hammary Cancer in Experimental Animals and Man, Harch 1976,
Nara-Ken, Japan (Abstract) (In Press).

Dmochowski, L- , Bowen, J.M., Hyers, B., Priori, E.5., Killer, H.F.,
Senan, G. , Chan, J.C., Dodson, M.L., Scanlon, M.D., Ohtsuki, Y. and
Yoshida, i!.: Comparative studies of type C, type B, and H-PH
oncornaviruiies. In Clemensen, J. and Yohn, D.S. (Ed.): Proc VII Int
Symp on Comparative Research ia Leukemia & Related Diseases, Oct.
1975, Copenhagen, Denmark. Br.sel,- S. Karger AG, 1976 (In Press).



192. Doller, E.H. and Bapp, F. : Effect of levamisole on metastases by
herpesvirus-transformed cells. In Chirigos, H.A. (Ed.): Hodulation
of Host Imnune flesistance in the Prevention or Treatment of Induced
Neoplasia, Dec. 197'4. Fogarty Int Center Proceedings No. 28, 1976
(In Press)

.

193. Donahoe, R.H-, Peters, R.L., Van Vleck, R. , Huebner, R.J. and Kellqff,
G.J.: Development of a lymphocyte transformation microassay for
marine leukemia virus. J Natl Cancer Inst 56: 51-57, 1976.

194. Donnenberg, A. D. , Rosenshein, N.B. and Aurelian, L. : Cell-mediated
cytotoxicity to herpes simplex virus II infected targets in human
cervical anaplastic disease. Abstracts Anna Mtg Am Soc
Microbiology, Hay 1976, Atlantic City, N.J. (Abstract).

195. Dorizzi, M. , Ortiz-Muniz, G., Lopez, D.M., Sigel, M.M. and Epstein,
R.S.: Increase in the proportion of cells with C 3 receptor in
BALB/c mice bearing maoBary tumors. Int J Cancer 16: 1015-1021,
1975.

196. Dosik, H. and Todaro, G.J.: Viruses, Genes and Cancer. In Lynch,
H.I. (Ed.): Cancer Genetics. Springfield, Illinois, Charles C.
Thomas, 1976, p 101-110.

197. Duesberg, P.H., Kawai, S., Wang, L.-H., Vogt, P.K., Murphy, H. and
Hanafusa, H.: RNA of replication-defective strains of Rous sarcoma
virus. Proc Natl Acad Sci OSA 72: 1569-1573, 1975.

198. Duesberg, P.H., Hang, L.-H., Beemon, K. , Kawai, S. and Hanafusa, H.:
Sequences and functions of Rous sarcoma virus RNA. In Neth, R. and
Gallo, R. C. (Ed.) : Modern Trends in Human Leukemia. Germany, J.F.
Lehmanns Verlag, 1975 (In Press).

199. Dunn, C.Y., Aaronson, S.A. and Stephenson, J.R.: Interactions of
chemical inducers and steroid enhancers of endogenous mouse type C
RNA viruses. Virology 66: 579-588, 1975.

200. East, O.L., Knesek, J.E., Chan, J.C., Haruyama, K. , Priori, E. S. and
Dmochowski, L.: Sequence r elatedness of Mammalian viral RNA genomes
and RNA species released by human neoplastic cells. In Clemensen, J.
cuvd Yohn, D.S. (Ed.): Proc VII Int Symp on Comparative Research in
Leukemia S Related Diseases, Oct. 1975, Copenhagen, Denmark. Basel,
S. Karger AG, 1976 (In Press).

201. East, J. L. , Knesek, J.E., Chan, J.C., Maruyama, K., Priori, E.S. and
Dmochowski, L. : Molecular characteristics of high-molecular-weight
RNA released by human neoplastic cells. Cancer Res, p 17 (Abstract)

202. Easton, J. M. , Ablashi, D.V., Levine, P. H. , Armstrong, G.R., Twardzik,
D.R. and Aaslestad, H.G. : Association of Epstein-Barr virus and
American Burkitt's lymphoma. In De The, G. , Epstein, M.A. and 2ur
Hansen, H. (Ed.) : Oncogenesis and Herpesviruses II. Proc 2nd Int
Symp on Oncogenesis and Herpesviruses, Oct. 197U, Nuremberg,
Germany. Lyon, France, lAEC Sci Pub No. 11, 1975. Part 2, p 37-43.

203. Edmondson, H.A., Henderson, B.E. and Benton, B.: Liver cell adenomas.
N Engl J Med (In Press) . .

1173



204. Eichberg, J.B. , HcCullough, B., Kalter, S.S., Thor, D.E. and ^^
Rodriguez, A.B. : Clinical, virological and pathological features of
herpesvirus SA8 infection in conventional and gnotobiotic infant
baboons (Papio cynocephalus) . Archives of Virology (In Press).

205. Epstein, A.L., Henle , H., Henle, G., Hewetson, J.F. and Kaplan, H. S.

:

Surface marker characteristics and Epstein-Barr virus studies of two
established North American Burkitt's lymphoma cell lines. Proc Natl ^
Acad Sci DSA 73(1): 228-232, 1976. A

206. Esparza, J., Benyesh-Melnick, M. and Schaffer, P. A.: Intertypic
complementation and recombination between temperature-sensitive
mutants of herpes simplex virus types 1 and 2. Virology (In Press).

207. Essex, H. , Cotter, S., Hardy, W.D., Jr., Jarrett, W., Jarrett, O.,
Mackay, L. , Lord, H., Perryman, L., Olsen, E.G. and Yohn, D.S.:
Feline oncornavirus associated cell membrane antigen IV. Antibody
titers in cats with naturally occurring lymphoma and other FeL?
diseases. J Natl Cancer Inst 55: 463-367, 1975. '

208. Essex, H. and Lamon, £. R. : Host immune response to
oncornavirus-induced tumors. In Clemensen, J. and Yohn, D.S. (Ed.) :

Proc VII Int Symp on Comparative Research in Leukemia & Related
I

Diseases, Oct. 1975, Copenhagen, Denmark. Basel, S. Karger AG, 1976
(In Press) .

209. Falk, L.A., Schaffer, P. A., Wright, J., Deinhardt, F., Holfe, L.G. and
Benyesh-Helnick, M.r Experimental infection of marmoset and
squirrel monkeys with attenuated HVS. In Clemensen, J. and lohn, ^^
D.S. (Ed.) : Proc VII Int Symp or. Comparative Research in Leukemia 5 ^^ I

Related Diseases, Oct. 1975, Copenhagen, Denmark. Basel, S. Karger
AG, 1976 (In Press)

.

210. Falk, L.A., Holfe, L.G. and Deinhardt, P.: Transformation in vitro
'. with Herpesvirus ateles (HVA). In De The, G. , Epstein, M.A. and Zur i

' Hansen, H. (Ed.): Oncogenesis and Herpesviruses II. Proc 2nd Int
j

Symp on Oncogenesis and Herpesviruses, Oct. 197**, Nuremberg,
Germany. Lyon, France, lARC Sci Pub No. 11, 1975. Part 1, p
279-38U.

211. Falk, L.A., Bright, J., Deinhardt, P., Wolfe, L.G., Schaffer, P. A. and
Benyesh-Helnick, M.: Experimental infection of sguirrel and
marmoset monkeys with attenuated Herpesvirus saimiri. Cancer Res 36:
707-710, 1976.

212. Farrow, *.!!., Schmitt, M.W. and Groupe, V.: Responses of
|

isolator- derived Japanese quail and quail cell cultures to selected
I

animal viruses. J Clin Microbiol 2(5): ai9-424, 1975. '

213. Fine, D.L., Arthur, L.O. and Young, L. : Effect of temperature on ^« >

mouse mammary tumor virus production. Infection & Immunity (In f^B.^
Press)

.

^^

21U. Fischinger, P. J., Nomura, S. and Blevins, C.S.: Two levels of
i

restriction by mouse or cat cells of murine sarcoma virus coated by
;

endogenous xenotropic oncornavirus. J Gen Virol 29: 51-62, 1975. i

215. Fischinger, P.J., Nomura, S- and Bolognesi, D.P.: A novel marine
oncornavirus with dual eco-and xenotropic properties. Proc Natl ^^
Acad Sci USA 72: 5150-5155, 1975. W^\

1174



216. Fishman, P.H., Brady, R. and iaronson, S.A.: k comparision of
membrane glycocon jugates from mouse cells transformed by murine and
primate HNA sarcoma viruses. Biochemistry 15: 201-208, 1976.

217. Forni, G., Bhim, J.S., Pickeral, S., Shevach, E.H. and Green, I.:
Antigenicity of carcinogen and viral induced sarcomas in inbred and
random bred guinea pigs. J Immunol 115: 204-210, 1975.

218. Frankel', J.R.: Experimental models for DNA-RNA viral interactions: A
brief review. Cancer Bes 36: 670-673, 1976.

219. Frankel, J.W., Smith, H.E., Campbell, R.F., Mitchen, J.B. and Groape',
v.: Experimental evidence for influence of type C viruses on
Harek's disease herpesvirus associated oncogenesis. In De The", G.,
Epstein, H.A. and Zur Hansen, H. (Ed.) : Oncogenesis and
Herpesviruses II. Proc 2nd Int Symp on Oncogenesis and
Herpesviruses, Oct. 1974, Nuremberg, Germany. Lyon, France, lABC
Sci Pub No. 11, 1975. Part 2, p 17-25.

220. Freedman, E. and Lilly, P.: Properties of cell lines derived from
tumors induced by Friend virus in BALB/c and BALB/c-H-2b mice. J Exp
Bed 142: 212-223, 1975.

221. Freedman, H. , Lilly, F. and Steeves, E.: Antigenic properties of
cultured tumor cell lines derived from spleens of Friend
virus-infected BALB/c and BALB/c-H-2b mice. J Exp Med 142:
1365-1376, 1975.

222. Frenkel, N., Locker, H., Cox, B. , Roizman, B. and Rapp, F. : Herpes
simplex virus DNA in transformed cells: Sequence complexity in 5
hamster cell lines and one derived hamster tumor. J Virol (In
Press)

.

223. Frenkel, N. , Locker, H., Roizman, B. and Rapp, F.: Viral DHA
sequences in hamster cell lines by OV-irradiated HSV-2. 3rd Int
Congress for Virology, Madrid, Spain, Sept. 1975, p 120 (Abstract).

224. Friedman, S.M.: The inhibition of protein synthesis in cell-free
systems from interferon-treated, infected cells. In Geraldes, A.

(Ed.) : Effects of Interferon in Cells, Viruses and the Immune
System. London, Academic Press, Inc., 1975, p 553-573.

225. Friedman, E. M. , Chang, E.H., Ramseur, J. M. and Myers, M.S.:
Interferon- directed inhibition of chronic murine leukemia virus
production in cell cultures: Lack of effect on intracellular viral
markers. J Virol 16: 569-574, 1975.

226. Friedman, R.H. and Costa, J.: The fate of interferon-treated cells.
Infection 6 immunity (In Press)

.

227. Friedman, R.M., Jay, F.T., Chang, E. H. , Myers, M.W., Ramseur, J.H.,
Mims, S.J., Triche, T.J. and Wong, P.K.Y.: Interferon-directed
inhibition of chronic murine leukemia virus production in cell
cultures. J Infect Dis (In Press).

228. Friedrich, B., Morris, V., Goodman, H.M., Bishop, J.M. and Varmas,
H.E. : Differences between genomes of two strains of mouse mammary
tumor virus as shown by partial BNA sequence analysis. Virology (In
Press)

.

229. Funderburk, H.H. and Flax, R.L.: Surgical localization of occult
mammography lesions. Breast - Diseases of the Breast. (In Press) .

1175



•

230. Faruichi, T. , Stavnezer, £. , Bishop, J.H. and Shatkin, A. J.: Blocked,^
methylated 5'-terminal sequence in avian sarcoma virus RHA. Nature
257: 618-620, 1975.

231. Gajl-Peczalska, K.J., Bloomfield, CD., Coccia, P.P., Sosin, H.,
Brunning, R. and Kersey, J.H.: B and T cell lynphomas: Analysis of
blood and lymph nodes in 87 patients. An J Hed 59: 674-685, 1975.

232. Gajl-Peczalska, R.J., Bloomfield, CD., Sosin, B. and Kersey, J.H.: Hi
and T lymphocytes in Hodgkin's disease. Clin Exp Immunol 23: 47-55,^
1976.

233. Galehouse, D.H. and Duesberg, P.H.: RNA and proteins of the Kirsten
sarcoma -xenotropic leukemia virus complex propagated in rat and duck
cells. Virology (In Press)

.

234. Gallo, B.C., Gillespie, D.H., Gallagher, R. E. , Reitz, M.S., Miller,
N.E. and Hong-Staal, F. : Some evidence for infectious type C virus
in humans. ICN-UCLA Symp on Molecular & Cellular Biology, 1976 (In

Press)

.

235. Gallo, B.C. and Reitz, M.S.: Molecular probes for tumor viruses in
human neoplasia. Int J Exp Pathology (In Press).

236. Gardner, M.B., Henderson, B.E., Estes, J.D. , Bongey, E.W., Casagrande,
J.C, Pike, M,C and Huebner, R.J.: The epidemiology and virology
of C-type virus-associated hematological cancers and related
diseased in wild mice. Cancer Res 36: 574-581, 1976.

237. Gardner, M.B., Klement, v., Dougherty, M., BcConahey, P., Estes, J.D.
and Huebner, H.J. : Type C virus expression in iynphoma-paralysis
prone LC wild mice. J Natl Cancer Inst (In Press).

238. Gardner, M.B., Klement, v., Henderson, B.E. , Estes, J.D., Dougherty,
M., Casagrande, J.c and Huebner, R.J.: Efforts to control type C
virus expression in wild mice. Natl Cancer Inst Honogr (In Press)

.

239. Gardner, M.B., Klement, V., Henderson, B. £. , Meier, H., Estes, J.D.
and Huebner, H.J. : Genetic control of type C virus of wild mice.
Nature 259: 143-145, 1976.

240. Gardner, H.B., Klement, v., Rasheed, S., Rongey, B.H., Brown, J.C,
Pike, M.C, Henderson, B.E. and Huebner, B. J. : The pathogenesis of
lymphoma and paralysis in wild mice. In: Leukemia 1975. Basel, S.
Karger AG (In Press) .

241. Gardner, H.B., Basheed, S., Klement, V., Bongey, B.H. , Brown, J.C,
Dworsky, R.L. and Henderson, B. E. : Lower motor neuron disease in
wild mice caused by indigenous type C virus and search for a similar
etiology in human ALS. In Proc Conf Research Trends in Amyotrophic
Lateral Sclerosis, Los Angeles, Ca. , Oct. 1975. Los Angeles, Ca., ^^
OCLA Press (In Press) . ^B

242. Geder, L., Lausch, R.N., O'Neill, F.J. and Rapp, P.: Virus
transformation of established human epithelioid cells after
cocultivation with human embryo cells persistently infected with
human cytomegalovirus. Abstracts Annu Mtg Am Soc Hicrobiology, May
1976, Atlantic City, N.J. (Abstract) (In Press).

243. Genta, V.H., Kaufman, D.G., Kaufmann, W.K. and Gerwin, B.I.: ^^k
Eukaryotic DNA replication complex. Nature 259: 502-503, 1976. ^?^

1176



2HH. Gerard, G.P. : Poly (2'-0-methylcytidylate) 'oligodeoxyguanylate, a
tenplate- primer specific for reverse transcriptase, is not utilized
by HeLa cell gamma DN& polymerases. Biochem Biophys Bes Conun 63:
706, 1975.

2'»5. Gerard, G.F., Loewenstein, P.M., Green, M. and Eottman, P.: Detection
of reverse transcriptase in human breast tumors with poly (Cm)*oligo
(dG) . Nature 256: 140-143, 1975.

246. Gervin, B.I., Schvarm, L.£., Kaufman, D.G. and Kaufmann, V.R.: An
increase in DNA polymerase beta in rat liver nuclei in response to
partial hepatectomy. 67th Annual Mtg American Society of Biological
Chemists, San Francisco, Cal., June 1976, Fed. Proc. (Abstract) (In
Press)

.

247. Gerwin, B.I., Smith, S.G. and Peebles, P.T. : Two active forms of
HD-114 vims DNA polymerase in infected cells. Cell 6: 45-52, 1975.

248. Gilden, B.V.: Interrelationships among BNA tumor viruses and host
cells. In Klein, G. and Heinhouse, S. (£d.): Advances in Cancer
Besearch. (In Press) .

249. Gilden, B.V., Long, C. , Hanson, M. , Toni, E., Charman, H.P., Miller,
J.M. and ?an der Maaten, M.J.: Characteristics of the major
internal protein of EKA -dependent DNA polymerase of bovine leukemia
virus. J Gen Virol 29: 1976.

250. Gilead, Z., Sugawara, K., Shanmugam, G. and Green, M. : Synthesis of
the adenovirus coded DNA binding protein in infected cells. J Virol
(In Press) .

251. Gillette, B.H.: Changes in the migration patterns of spleen and lymph
node cells associated with thymectomy and aging. J Eeticnloendothel
Soc 18: 204-208, 1975.

252. Gillette, B. W. : The effect of T lymphocyte deficiency on tumor
induction and growth. Cell Immunol 19: 328-335, 1975.

253. Gillette, B.H.: Lymphocyte and macrophage reactivity to mammary tumor
virus. J Beticuloendothel Soc 18: 14b, 1975.

254. Gillette, B.H. and Boone, C.W.: Changes in the mitogen response of
lymphoid cells with progressive tumor growth. Cancer Bes 35:
3774-3779, 1975.

255. Ginsburg, CM., Henle, G. and Henle, W^: An outbreak of infectious
mononucleosis among the personnel of an outpatient clinic. Am J
Epidemiol (In Press) .

256. Glaser,* E.: Expression and regulation of the Epstein-Barr virus early
antigen component (s) in Burkitt-epithelial hybrid cells. In:
Epstein-Barr Virus Production Concentration and Purification.
International Agency for Research on Cancer, Internal Technical
Beport No. 75 003 (prepared by D.V. Ablashi, H.G. Aaslestad and G.
de The) . Lyon, France, lARC, 1976, p 225-234.

257. Glaser, E.: Expression and regulation of Epstein-Barr virus in
mammalian cells- ICN-UCLA Symp on Molecular 6 Cellular Biology,
1976 (Abstract) (In Press)

.

258. Glaser, B., Decker, E. and Bapp, F. : Oncogenic properties of human
viruses. In Vitro 11(3): 151-165, 1975.

1177



259. Glaser, R., De The, G., Lenoir, G. and Ho, "j.H.C: Superinfection of
epithelial nasopharyngeal carcinoma cells with Epstein-Barr virus.
Proc Natl Acad Sci USA (In Press).

260. Glaser, R. , Parrugia, R. and Brown, N.: Effect of the host cell on
the maintenance and replication of Epstein-Barr virus. Virology 69:
132-1142, 1976.

261. Glaser, K., Lenoir, G., Desgranges, C. , De The, G. and Ho, J.H.C:
Expression of xhe Eptsein-Earr virus in superinfected epithelial
Burkitt hybrid cells and epithelial explants prepared from

i
nasopharyngeal carcinoma tumors. ICN-OCLi Symp on Molecular &
Cellular Biology, 1976 (Abstract) (In Press).

262. Glaser, R. , Lenoir, G., Ho, J.H.C. and De The, G.: In vitro induction
of EBV early antigens in NPC epithelial tumour cells by lODR or
superinfection. Biomedicine Express (Paris) 23(10): 468, 1975.

263. Glaser, R., Bonoyama, M., Shows, T.B., Henle, G. and Henle, H.

:

Epstein-Barr virus studies on association of virus genome with human
chromosomes in hybrid cells. In De The, G., Epstein, B.A. and Zur
Hansen, H. (Ed.): Oncogenesis and Herpesviruses II. Proc 2nd Int
Symp on Oncogenesis and Herpesviruses, Oct. 197U, Nuremberg,
Germany. Lyon, France, lARC Sci Pub No. 11, 1975. Part 1, p
457-U66.

26U. Glaser, R. and Sapp, P.: Control of the Epstein-Barr virus genome by
mammalian cells. In Gottlieb, A. A., Plescia, O.J. and Bishop,
D. H. L. (Ed.): Fundamental Aspects of Neoplasia. New York,
Springer-Verlag, 1975, p 325-336.

265. Glaser, R. and Rapp, P.: Biological properties of the Epstein-Barr
virus and its possible role in human malignancy. In Rapp, P. (Ed.)

:

Progress in Hedical Virology. Basel, S. Karger AG, 1975, Vol. 21, p
43-57.

266. Goldberg, E.J. and Gravell, w. : A search for HSV-2 markers in
cervical carcinoma. Cancer Res (In Press)

.

267. Goldberg, 2. J., Levin, R. , Parks, W.P. and Scolnick, E. H.

:

Quantitative analysis of the rescue of ribonucleic acid sequences by
mammalian type C viruses. J Virol 17: 43-50, 1976.

268. Goldman, E. and Benjamin, T.L.: Indirect complementation of a
non-transforming mutant of polyoma virus. Virology 66: 372-38U,
1975.

269. Gonda, M.A-: Frontiers of electron microscopy. Biology Digest 3:
10-25, 1975.

270. Gonda, M.A., iaronson, S.A., Ellmore, N. , Zeve, V.H. and Nagashima,
K.: Ultrastructural studies of surface features of human, normal
and tumor cells in tissue culture by scanning and transmission
electron microscopy. J Natl Cancer Inst 56: 245-263, 1976.

271. Gordon, E„J.: Distribution of airborne polycyclic aromatic
hydrocarbons throughout Los Angeles. Env Sci Tech (In Press).

272. Gordon, Y.J., Asher, Y. and Becker, Y. : Irreversible inhibition of
herpes simplex virus replication in BSC-1 cells by zinc ions.
Antimicrob Agents Chemother 8: 377-380, 1975.

1178

t



n

273. Gottlieb, J.i., Baker, L. H. , 0' Bryan, R.H. , Sinkovics, J.G.,
Hoogstratai, B., et al: Adriamycin used alone and in combination in
soft tissue and bony sarcomas. Cancer Chemother Eep (In Press)

.

274. Graven, M. , Levine, P.H., Hclntyre, R.F., Land, V.J. and Pagano,
J. S. : Epstein-Barr virus in an American patient with Burkitt's
lymphoma: Detection of viral genome in tumor tissue and
establishoent of a tumor-derived cell line (NAB) . J Natl Cancer
Inst (In Press) .

275. Green, H.: Viral cell transformation in human oncogenesis. Hospital
Practice 10: 91-104, 1975.

276. Green, H., Banking, A., Gerard, G.F., Grandgenett, D.P. and Green,
H.R.: Inhibition of purified DNA polymerase of ENA tumor viruses by
fluoranthene derivatives and analogs of tilorone hydrochloride. J
Natl Cancer Inst 55: 433-442, 1975.

277. Green, H. , Salzberg, S., Bobin, H.S., Loni, H.C., Bhaduri, S. and
Shanmugam, G.: Synthesis of viral DNA and transcription of viral
RNA during infection and cell transformation by the murine
sarcoma-leukemia virus. In Gottlieb, A. A., Pleiscia, O.J. and
Bishop, D.H.L. (Ed.): Fundamental Aspects of Neoplasia. New ¥ork,
Springer-Verlag, 1975, p 293-301.

278. Green, M. and Hold, B.S.M.: Oncogenic DNA viruses - replication,
tumor gene expression and role in human cancer. Seminars in
Oncology (In Press) .

279. Green, H. , Yamashita, T., Buettner, H., Fujinaga, K., Arens, (J.,

Brackmann, K. and Loni, H-C. : Adenovirus DIJA: Transcription during
productive infection, integration in transformed cells, and
replication in vitro. In Kolber, A. (Ed.) : Tumor Virus-Host
Interaction. New York, Plenum Publishing Co., 1975, p 217-236.

280. Green, M.R., Chinnadurai, G. and Mackey, J.K. : The integration and
expression of viral genes in Ad 12 transformed hamster cells. Sixth
Tumor Virus Meeting, Cold Spring Harbor, New York, Aug. 1975
(Abstract)

.

281. Green, H.B. , Chinnadurai, G., Mackey, J.K. and Green, M.: A unique
pattern of integrated viral genes in hamster cells transformed by
highly oncogenic human adenovirus 12. Cell (In Press).

282. Greenberger, J.S., Aaronson, S.A., Rosenthal, D.S. and Moloney, H.C.

:

Continuous production of peroxidase, esterase, alkaline phosphatase
and lysozyoe by clones of promyelocytes. Nature 257: 143-144, 1975.

283. Greenberger, J.S., Bensinger, W.I. and Aaronson, S.A.: Selective
technigues for the isolation of morphologic revertants of sarcoma
virus transformed cells. In Prescott, D. (Ed.): Methods in Cell
Biology 14. New York, Academic Press, Inc. (In Press).

284. Greenberger, J.S., Phillips, S.M., Stephenson, J.R. and Aaronson,
S.A.: Induction of mouse type C RNA virus by lipopolysaccharide and
concanavalin A. J Immunol 115: 317-320, 1975.

285. Greenberger, J.S., Rosenthal, D.S., Aaronson, S.A. and Moloney, W.C.

:

Acute myelogenous leukemia of the Wistar/Furth rat: Establishment of
a continuous tissue culture line producing lysozyme in vitro and in
Tivo. Blood 46: 27-38, 1975.

1179



286. Greenb^rger, J.S., Stephenson, J.R. and Aaronson, S.A.:
Temperatare-sensitive mutants of murine leukemia virus. V: Impaired
leukemogenic activity in vivo. Int J Cancer 15: 1009-1015, 1975.

287. Greenberger, J. S. , Stephenson, J.R., Moloney, W.C. and Aaronson, S.A.:

J
Different hematologic diseases induced by type C viruses chemically

1 activated from embryo cells of different mouse strains. Cancer Res

i 35: 245-252, 1975.

288. Gross, L. and SchidlovsJcy , G.: The possible significance of the
presence of C-type virus particles in placenta of normal healthy
Sprague-Dawley rats- In Clemensen, J. and Yohn, D.S. (Ed.) : Proc
VII Int Symp on comparative Research in Leukemia 6 Related Diseases,
Oct. 1975, Copenhagen, Denmark. Basel, S. Karger AG, 1976 (In
Press)

.

289. Gross, L. , Schidlovsky, G., Feldman, D., Dryfuss, Y. and Hoore, L.:
C-type virus particles in placenta of normal healthy Sprague-Dawley
rats. Proc Natl Acad Sci USA 72: 3240-3244.

290. Gross, B.L., Steel, CM., Levin, A.G., Singh, S. and Brubaker, G.

:

Spontaneous rosette formation by cells from Burkitt lynphoma
biopsies. Int J Cancer 15: 139-143, 1975.

291. Gupta, P.: Effect of zinc ions on herpes simplex virus type 2-induced
polypeptide synthesis in infected vero cells. Abstracts Annu Mtg An
Soc Microbiology, May 1976, Atlantic City, N.J. (Abstract) (In

Press).

292. Gupta, P., Johnson, J. C. and August, J.T. : Antigenic analysis of
major structural proteins of avian leukoviruses. Arch Biochem
Biophys 168: 652-656, 1975.

293. Gurgo, C-, Grandgenett, D.P., Gerard, G.F. and Green, M.: Mechanism
of inhibition of RNA tumor virus reverse transcriptase by rifamycin
SV derivatives. In Kolver, A. (Ed.) : Tumor Virus-Host Interaction.
New York, Plenum Publishing Co., 1975, p 273-291.

294. Hackett, A.J. and Springer, E.L.: Scanning and transmission electron
microscopy of human metastatic mammary carcinoma. In Proc 3rd Int
Symp on Detection and Prevention of Cancer, April 1976, New York

295. Hampar, B., Aaronson, S.A., Derge, J.G. , Chakrabarty, M., Showalter,
S.D. and Dunn, C.Y.: Activation of an endogenous mouse type C virus
by ultraviolet-irradiated herpes simplex virus types 1 and 2. Proc
Natl Acad Sci USA (In Press)

.

296. Hampar, B. , Lenoir, G., Nonoyama, M., Derge, J.G. and Chang, S.-T.:
Cell cycle dependence for activation of Epstein-Barr virus by
inhibitors of protein synthesis or medium deficient in arginine-
Virology (In Press)

.

297. Hanisch, S., Dworsky, R.L., Henderson, B.E. and Gardner, M.B.: A
search for clues to the etiology of amyotrophic lateral sclerosis.
Archives of Neurology (In Press).

298. Harewo-^d, K.E., Chang, P., Higdon, C. and Larson, D.L.: The
endogenous reverse transcriptase activity of gibbon ape lymphoma
virus: Characteristics of the DNA product. Biochim Biophys Acta
407: 14-23, 1975.

1180



299. Harrison, T.A., Barr, R.D., McCaffrey, R.P. , Sarna, G-, Silverstone,
A-E., Perry, S. and Baltimore, D. : Terminal deoxynucleotidyl
transferase in AKB leukemic cells and lack of relation of enzyme
activity to cell cycle phase. Biochem Biophys Res Comm (In Press)

,

300. Hart, H.B., Townsend, D.E., Aldrich, J.O., Henderson, B.E., Boy, H.
and Benton, B.: Histopathologic spectrum of vaginal adenosis and
related changes in stilbestrol-exposed females. Cancer (In Press).

301. Hart, W.E., Zaharov, I., Kaplan, B.J., Townsend, D.E., Aldrich, J.O.,
Henderson, B.E., Roy, M. and Benton, B. : Cytologic findings in
stilbestrol exposed females vith emphasis on detection of vaginal
adenosis. Acta Cytology (In Press).

302. Haspel, H.V., Duff, R. and Bapp, P. : Experimental measles
encephalitis: A genetic analysis. Infection & Immunity 12: 785-790,
1975.

303. Haspel, M.V., Duff, R. and Eapp, F.: Isolation and preliminary
characterization of temperature-sensitive mutants of measles virus.
J Virol 16: 1000-1009, 1975.

304. Hatanaka, H. and Long, C. : Alterations in pyrimidine uptake by
mammalian cells infected vith mycoplasma. Nature (In Press).

305. Hayman, M.J., Hunter, E. and Vogt, P.K.: Inhibition of avian sarcoma
virus replication by glucosamine: A specific effect on the synthesis
and processing of viral proteins. Virology (In Press)

.

306. Heath, C.H., Jr., Caldwell, G. G. and Feorino, P.C.: Viruses and other
microbes. In Fraumeni, J.F. (Ed.): Persons at High Risk to Cancer:
An Approach to Cancer Etiology and Control. New York, Academic
Press, Inc., 1975.

307. Heberling, B.L. and Kalter, S.S.: Isolation of foamy viruses from
baboon (Papio cynocephalus) tissues. Am J Epidemiol 102: 25-29,
1975.

308. Heberling, H.L., Kalter, S.S., Barker, S.T. and Weislow, O.S.:
Isolation and biological properties of endogenous baboon (Papio
cynocephalus) type C viruses. In Clemensen, J. and Yohn, D.S.
(Ed.) : Proc VII Int Symp on Comparative Research in Leukemia S
Related Diseases, Oct. 1975, Copenhagen, Denmark. Basel, S. Karger
AG, 1976 (In Press) .

309. Heding, L. D. , Schaller, J. P., Blakeslee, J.H. and Olsen, B.G.:
Inactivation of tumor cell associated feline leukemia virus: A model
for producing an infectious virus tumor cell vaccine- Cancer Res (In
Press) .

310. Heine, U., Beber, G.H., Cottier-Fox, M. , La yard, M.W., Stephenson,
M.L. and Zamecnik, P. C. : Analysis of oncornavirus RNA subunits by
electron aicroscopy. Proc Natl Acad Sci USA 72: 3716-3720, 1975.

311- Heiniger, H.J., Huebner, R.J. and Meier, H.: Effect of allelic
substitutions at the hairless locus on endogenous ecotropic murine
leukemia virus titers and leukemogenesis. J Natl Cancer Inst (la
Press)

.

Hellstrom, I. and Hellstrom, K.E. : Cell-mediated immunity to tumor
antigens as studied in vitro. In Richards, H.A. (Ed.): Proc Am
Philosophical Soc Symp, Philadelphia, Pa. (In Press).

1181



313. Hellstrom, I. and Hellstrom, K.E. : Suppression of cell-mediated
cytotoxicity by lynphocytes from tumor-bearing animals. Transplant
Proc (In Press) .

31tt. Hellstrom, I., Hellstrom, K.E. and Nepom, J.T.: Increased lymphocyte
mediated destruction of tumor cells in microcytotoxicity assays seen
after addition of inhibitors of protein synthesis. Int J Cancer 16:
830-839, 1975.

315. Hellstrom, K.E. and Hellstrom, I.: Studies on the mechanism of tumor
immunity: Some recent data on cellular immunity to common, possible
antigens in mouse sarcomas. In Gottlieb, A. A- (Ed.): Fundamental
Aspects of Neoplasia. New York, Springer-Verlag, 1975, pp. 89-99.

316. Hellstrom, K.E. and Hellstrom, I.: Cell-mediated immunity to mouse
tumors. Some recent findings. Ann NI Acad Sci (In Press)

.

317. Hellstrom, K.E. and Hellstrom, I.: Spontaneous tumor regression:
Possible relationship to in vitro parameters of tumor immunity. J
Natl Cancer Inst (In Press) .

318. Henderson, B.E., Benton, B., Cosgrove, M., Baptista, J., Aldrich,
J.O., Townsend, D.E., Hart, W.R. and Mack, T.K. : Urogenital tract
abnormalities in male offspring of women treated with
diethylstilbestrol. Pediatrics (In Press).

319. Henderson, B.S., Gerkins, V.R. and Pike, M. C. : Sexual factors and
pregnancy. In Fraunieni, J.F. (Ed.): Persons at High Risk to Cancer:
An Approach to Cancer Etiology and Control. New York, Academic
Press, Inc., 1975, p 267-284.

320. Henderson, B. E. , Gerkins, V.R., Pike, M.C., Casagrande, J.C:
Endocrine function and breast cancer. Natl Cancer Inst Honogr (In
Press)

.

321. Henderson, B.E., Gerkins, V.E., Rosario, I., Casagrande, J.C. and
Pike, K.C.: Elevated serum levels of estrogen and prolactin in
daughters of paxients with breast cancer. N Engl J fled 293: 790-795,
1975.

322. Henderson, B. E. , Gordon, R.J., Menck, H.R-, SooHoo, J., Martin, S.P.
and Pike, M.C.: Lung cancer and air pollution in south-central Los
Angeles County. Am J Epidemiol 101: 477-U88, 1975.

323. Henle, G.: The restricted and diffuse components of the early antigen
complex. In: Epstein-Barr Virus Production Concentration and
Purification. International Agency for Research on Cancer, Internal
Technical Report No. 75 003 (prepared by D.V. Ablashi, H.G.
Aaslestad and G. de The). Lyon, France, lARC, 1976 p 197-207.

32t. Henle, G. and Henle, W. : Epstein-Barr virus-specific IgA serum
antibodies as an outstanding feature of nasopharyngeal carcinoma.
Int J Cancer 17: 1-7, 1976.

325. Henle, W.: Epstein-Barr virus - problems and prospects. In:
Epstein-Barr Virus Production Concentration and Purification.
International Agency for Research on Cancer, Internal Technical
Report Ho. 75 003 (prepared by D.V. Ablashi, H.G. Aaslestad and G.

de The). Lyon, France, lAHC, 19(6, p 1-13.

1182

f



326. Henle, H. : Viral capsid antigen. In: Epstein-Barr Virus Production
Concentration and Purification. International Agency for Research
on Cancer, Internal Technical Report ^No. 75 003 (prepared by D.V.
Ablashi, H.G. Aaslestad and G. de The) . Lyon, France, lASC, 1976, p
185-196.

327. Henle, W. and Henle, G.: Immune responses to Epstein-Barr virus.
Viral Immunology and Immunopathology. New York, Academic Press,
Inc., 1975, p 261-271.

328. Henle, W. and Henle, G.: Host responses to herpesviruses - a review.
In De The, G- , Epstein, M.A. and Zur Hansen, H- (Ed.): Oncogenesis
and Herpesviruses II. Proc 2nd Int Symp on Oncogenesis and
Herpesviruses, Oct. 197 4, Nuremberg, Germany. Lyon, France, lARC
Sci Pub No. 11, 1975. Part 2, p 215-244.

329. Henle, W. and Henle, G.: The seroepidemiology of Epstein-Barr virus.
In Core)t, G. and King, D.H. (Ed.): Herpesviruses, Advances in
Pathobiology Series. New York, Intercontinental Med Book Corp.,
1975 (In Press) .

330. Henle, H. and Henle, G.: Herpesvirus-associated antigens in human
tumors. • Immunological Aspects of Neoplasia. 27th Annu Symp on
Fundamental Cancer Research, March 1973, Houston, Texas. Baltimore,
Kd., The Williams 5 Wilkins Co., 1975, p 191-204..

331. Herbermcin, E.B., Aoki, T., Cannon, G. , Liu, M. and Sturm, M. M. :

Location by immunoelectron microscopy of carcinosmbryonic antigen on
cultured adenocarcinoma cells. J Hatl Cancer Inst 55: 797-799,
1975.

332. Heston, H.E. and Parks, W.P.: Mammary tumor virus and host genome in
the transmission and causation of mammary tumors in mice. Symp on
Cancer and Genetics, 12th Annu Mtg Genetics Soc of Canada, Univ of
Begina, Eegina, Saskatchewan, Canada, June 1975. Canadian Genetics
6 Cytology 17: 1975 17: 493-502, 1975.

333. Hilgers, F., Dean, A.G. and De The', G. : Elevated immunoflouresence
titers to several Herpesviruses in Burkitt's lymphoma patients: Are
high titers unigue? J Natl Cancer Inst 54: 49-51, 1975.

334. Hilgers, J. and Bentvelzen, P.: Interaction between viral and genetic
factors in murine mammary cancer, possible implications for the
human disease. 1st E.O.R.T.C. Breast Cancer Working Conference on
Fundamental and Clinical Aspects, Brussels, Sept. 1975 (Abstract) .

335. Hilgers, J., Haverman, J., Nusse, R., Van Blitterswijk, H.J., Cleton,
P.O., Hageman, Ph.C, Van Nie, R. and Calafat, J.: Immunologic,
virologic, and genetic aspects of mammary tumor virus-induced
cell-surface antigens: Presence of these antigens and the Thy. 1.2
antigen on murine mammary gland and tumor cells. J Natl Cancer Inst
54: 1323-1333, 1975.

336. Hilgers, J. and Lamie, F.: Genetic aspects of susceptibility to
leukemia in mice. In Bucalossi , P., Veronesi, 0. and Cascinelli, N.
(Ed.) : Chemical and Viral Oncogenesis. Proc XI Int Cancer Congress,
Florence, 1974. New York, American Elsevier Publishing Co., 1975 ,

pt 2, p 254-259.

1183



337. Hilgers, J., Van Blitterswi jk, W. J. , Bont, W.S., Theuns, G.J., Nusse,
E., Havecman, J. and Emmelot, P.: Distribution and antibody-induced
redistribution of a mammary tumor virus-induced and a normal antigen
on the surface of mouse leukemia cells. J Katl Cancer Inst 54:
1335-13'»2, 1975.

338. Hillenan, H.B.: Herpes simplex vaccines. Cancer Res 36: 857-858,
1976.

339. Bino, S. , Stephenson, J.R. and Aaronson, S.A.: Antigenic determinants
of the 70,000 molecular weight glycoprotein of woolly monkey type C
RNA virus. J Immunol 115: 922-927, 1975.

3'*0. Hiraki, S., Hulcahy, M.F. and Dmochowski, L. : Particle-filament
complex in tumor cells of northern pike, Esox lucius L. Tex Rep Biol
Hed (In Press) .

341. Hirsch, U.S.: Immune activation of endogenous viruses. Ann NX Acad
Sci (In Press)

.

342 • Hirsch, H.S.: Interactions between C-type oncornaviruses and
lymphocytes. In McCluskey, R. and Cohen, S. (Ed.): Mechanisms of
Tumor Imraonity. (In Press).

3'»3. Hirsch, M-S- and Proffitt, M.R.: Autoimmunity in virus infections. In
Notkins, A.L. (Ed.): Viral Immunology and Immunopathology . New York,
Academic Press, 1975, p H^9-^i3k.

314. Hirsch, H.S., Proffitt, M.R. and Black, P. H. : Immunopathology and
murine C-type virus infections. In Hanna, .M.G. and Rapp, F. (Ed.) :

Contemporary Topics in Immunbbiology- New York, Plenum Press, Vol.
6 . (In Press)

3U5. Hirsch, U.S., Binaldo, C.R., Jr. and Black, P.H.: Virus infections in
bone marrow transplantation. Transplant Proc (In Press)

.

3'»6. Hixson, D.C.: Lectin binding studies on RNA tumor virus-infected
cells. 33rd Annu Proc Electron Microscopy Soc of America, Aug.
1975, Las Vegas, Nevada, p 326-327 (Abstract).

3U7, Hixson, D.C-, Haruyama, K. and Miller, M.F.: Comparison of lectin
binding site topography and cytoagglutination of normal and RNA
tumor vir as- infected cells. Annu Mtg Am Assn Cancer Res SJJ Section,
Dallas, Tex, Nov. 1975, p 20 (Abstract).

348. Holland, J.F. and Bekesi, J.G.: Immunotherapy of human leukemia with
neuraminidase modified cells. In Terry, W. (Ed.): Medical Clinics
of North Aaerica. Philadelphia, Pa., N.B. Saunders, Inc., 1976,
Vol. 60, *3.

349. Holland, J.F., Glidewell, 0-, Ellison, R.R. , Schwartz, J., Wallace,
H.J., Hoaqland, C, Wiernik, P., Rai, K. R. , Bekesi, J.G. and
Cuttner, J.: Acute mylelocytic leukemia. Archives of Internal
Medicine (In Press) .

350. Hollinshead, A., Suskind, R.G., Jacobson, C. and Randall, J.: B-type
virus particles in primary human brain tumor cell cultures
associated with defined chromosome loss and membrane antigens. Proc
Am Assoc for Cancer Res, May 1976, Toronto, Canada, Vol. 17, March
1976 (Abstract) (In Press)

1184



f:

351. Hoover, E.A., Olsen, E.G., Hardy, H.D., Jr., Schaller, J. P. and '

Hathes, L.E. : Feline leukemia virus infection: Age-related
variation in responses of cats to experimental infection, j Hatl
Cancer Inst (In Press).

352. Hoover, £.&., Olsen, H.G. , Hardy, H.D. , Jr., Schaller, J. P., Hathes,
L.E. and Cockerell, G.L.: Responses of cats to infections with
feline leukemia virus: Age-related factors and variations in disease
caused by different virus strains. In Clemensen, J. and Yohn, 0. S.
(Ed.) : Proc VII Int Symp on Comparative Research in Leukenia &
Belated Diseases, Oct. 1975, Copenhagen, Denmark. Basel, S. Raxger
AG, 1976 (Abstract) (In Press).

353. Horwitz, C, Henle, W., Henle, G. , Polesky, H. , Nexler, H. and Hard,
P. : The specificity of heterophil antibodies in patients and
healthy donors with no or minimal signs of infectious mononucleosis.
Blood HI: 91-98, 1976.

35'J. Horwitz, C. , Henle, W., Segal, M., Arnold, T. , Lewis, F.B., Zanick, D.

and Hard, P.: Clinical and laboratory evaluation of elderly
patients with heterophil-antibody positive infectious mononucleosis
- report of seven patients, ages 40-78. Ad J Epideniol (In Press).

355. Hsu, H.W., Davis, D.S., Wei, C. H. and Yang, H.K.: Temperature effect
on affinity chromatographic separation of two lectins from the seeds
of Hicinus communis. Analy Biochem (In Press).

356. Huang, E.-S., Kostyu, J., Huong, S.-M- and Pagano, J.S.: Localization
of human cytomegalovirus antigen and genome in human tissues by
anticomplement immunofluorescent and 1251 (and 3H) cRNA-DWA
cytohybridization. 3rd Int Congress for Virology, Madrid, Spain,
Sept. 1975 (Abstract).

357. Huang, E.-S. and Pagano, J.S.: Replication of cytomegalovirus DS& in
human lymphoblastoid cells. In De The, G. , Epstein, M. A. and Zur
Hansen, H. (Ed.): Oncogenesis and Herpesviruses II. Proc 2nd Int
Symp on Oncogenesis and Herpesviruses, Oct. 197 4, Nuremberg,
Germany. Lyon, France, lARC Sci Pub No. 11, 1975. Part 1, p 175.

358. Huebner, R.J. , Gilden, E. V. , Lane, W.T., Toni, R., Trimmer, E.H. and
Hill, P.fi. : Suppression of type C RNA virogenes by type specific
oncornavirus vaccine. Proc Natl Acad Sci USA (In Press)

.

359. Huebner, R.J., Gilden, B.V., Lane, W.T-, Trimmer, R. H. and Hill, P.E.

:

Suppression of endogenous type C RNA virogene expression in mice by
serotype specific viral vaccines: Progress report. In Chirigos,
H.A. (Ed.): Modulation of Host Immune Resistance in the Prevention
or Treatment of Induced Neoplasia, Dec. 1974. Fogarty Int Center
Proceedings No. 28, 1976 (In Press).

360. Hunt, R.D., Daniel, H.D., Baggs, R.B. , Blake, B.J., Silva, D., DuBose,
D. and Melendez, L.V.: Clinico- pathologic characterization of
Herpesvirus saimiri malignant lymphoma in New Zealand white rabbits.
J Natl Cancer Inst 54: 1401-1412, 1975.

361. Hunter, E. , Hayman, M.J., Bongey, E-W. and Vogt, P.K.: An avian
sarcoma virus mutant which is temperature sensitive for virion
assembly. Virology (In Press).

362. Hunter, E. and Vogt, P.K.: Temperature sensitive mutants of avian
sarcoma viruses: Genetic recombination with wild type sarcoma virus
and physiological analysis of multiple mutants. Virology (In
Press)

.

1185



363. Bunter, E. and Vogt, P.K.: Genetic recombination with wild ts mutants
of Bous sarcoma virus. 3rd Int Congress for Virology, Badrid,
Spain, Sept. 1975 (Abstract)

.

Se^t. Butt, L.H. : Epstein-Barr virus and lymphocyte cytotoxicity. 3rd Int
Congress for Virology, Madrid, Spain, Sept. 1975 (Abstract).

365. Butt, L.H., Buang, Y.-T., Dascomb, H.E. and Pagano, J.S. : Enhanced i

destruction of lymphoid cell lines by peripheral blood leukocytes \

taken from patients with acute infectious mononucleosis. J Immunol
115: 2U3-2U8, 1975.

366. Butt, R. , Combs, J.H. and St. Jeor, S.C: The effect of
cytomegalovirus on cell kinetics. Abstracts Annu Htg Am Soc
Microbiology, Hay 1976, Atlantic City, N.J. (Abstract) (In Press).

367. Byman, B.H., Burke, S. and Kudler, L. : A nearby inverted repeat of
the terminal seguence of herpes simplex virus DNA. Biochem Biophys
Bes Comm (In Press)

.

368. Ikeda, B., Bove, H.P., Boyse, E.A., Stockert, £. , Sato, B. and Jacobs,
S. : Belationship of infectious murine leukemia virus and
virus-related antigens in genetic crosses between AKfi and the Fv-1
compatible strain C57L. J Exp Med 143: 32-U6, 1976.

369. Iwai, B. , Parker, J.C, Quist, K.D. and Van Boosier, G.L., Jr.:
Serologic reactivity to paramyxoviruses in guinea pig serum. Lab
Anim Sci (In Press)

.

370. Jacobs, B.P., Aurelian, L. and Cole, G.A.: Cell-mediated immune
response to herpes simplex virus: Type specific lymphoprolif erative
responses in lymph nodes draining the site of primary infection. J
Immunol (In Press) .

371. Jenson, A.B., Groff, D.E. , McConahey, P.J. and Dixon, F.J.: Vertical
transmission of murine leukemia virus (Scripps) in mice as
determined by p30 antigenemia. Cancer Res (In Press)

.

372. Jing, J., Louie, E., Benderson, B.E. and Terasaki, P.: BLA patterns
in nasopharyngeal carcinoma cases from California. In Henderson,
B.E. (Ed.): Proc Symp on Epidemiology and Cancer Registries in the
Pacific Basin, Maui, Hawaii, Nov. 1975. Los Angeles, Ca., OSC Press
(In Press) .

373. Johansson, B., Killander, D., Holm, G. , Hellstedt, B. , Benle, G.,
Henle, 9., Klein, G. and So'derberg, G. : Epstein-Barr virus
(EBV) -associated antibody patterns in relation to the deficiency of
cell-mediated immunity in patients with Hodqkins' disease. In De
The', G., Epstein, M. A. and Zur Hansen, H. (Ed.): Oncogenesis and
Berpesviruses II. Proc 2nd Int Symp on Oncogenesis and
Berpesviruses, Oct. 197U, Nuremberg, Germany. Lyon, Prance, lABC
Sci Pub NO. 11, 1975. Part 2, p 237-247.

374. Johnson, L. : Primate model for primary brain tumors: Simian sarcoma
virus induced gliomas in marmosets. 6th Annual Midwest Student
Research Forum. Clin Res 23: 557A, 1975.

375. Johnson, L., Wolfe, L.G., whisler, H. and Deinhardt, F. : Nonhuman
primate model for primary brain tumors: Viral induced gliomas in

|

marmosets. Rush Presby St Lukes Med Bull (Abstract).

1186



9

376. Johnson, B.»., Benton, C.V., Perry, A., Hatgi, J. and Shibley, G.P.

:

Contamination monitoring and control in a large scale tissue culture
Tirus prodnction laboratory. In Actin, B. and Lynn, D. (Ed.): Proc
1st Bianna Cell Culture Congress, Birningham, Ala., Oniv of Alabama
Press, 1975 (In Press).

377. Jones, P. A., Bhim, J.S., Isaacs, H. , Jr. and HcAllister, R.M.: TE-85
human osteosarcoma cells: Relationship between colony formation,
fibrinolytic activity and tumorigenicity. Int J Cancer 16: 616-621,
1975,

378. Joseph, D.B., Kenney, P.T. and Farrelly, J.G. : Separation of cellnlar
and Tiral DKA polymerases by affinity chromatography on
polynucleotide-Sepharose. Biochem Biophys Bes Comm (In Press).

379. Junghans, R.P., Duesberg, P. H. and Knight, C. A.: In vitro synthesis
of full-length DNA transcripts of Rous sarcoma virus HNA by viral
DHA polymerase. Proc Natl Acad Sci DSA 72: U895-4899, 1975.

380. Kail, B.A. , Hellstrom, I. and Hellstrom, K.£.: Different responses of
lymphoid cells from tumor-bearing as compared to tumor immunized
mice when sensitized to tumor specific antigens in vitro.
(Hicrocytotoxicity assay, suppressor cells) . Proc Natl Acad Sci OSA
72: 5086-5089, 1975.

381. Kalter, S.S., Ablashi, D.T., Espana, C. , Heberling, R.L., Hull, B.N.,
Lennette, E.H., Malherbe, H- H. , McConnell, S. , Pereira, H. and Tohn,
D.S. : A review of simian virus nomenclature with suggested changes.
Intervirology (In Press)

.

382. Kalter, S.S. and Heberling, B.L.: Herpesvirus infections of nonhuman
primates. In Proc XX World Veterinary Congress, July 6-12, 1975,
Thessaloniki, Greece (In Press)

.

383. Kalter, S.S., Heberling, E.L. and Malherbe, H. H. : Problems associated
with nonhuman primates in biomedical research. In Proc VI Symposium
of the ICLi, Thessaloniki, Greece, July 9-11, 1975. Stuttgart,
Gustav Fischer Verlag (In Press).

384. Kalter, S.S., Heberling, R.L., Smith, G.C. and HelmJce, E.J.: C-type
viruses in chimpanzee (Pan sp.) placenta. J Natl Cancer Inst 55:
735, 1975.

385. Kalter, S.S., Kniker, W.T., Harvey, J.W., Jr., Felsburg, P.J. and
Heberling, E.L.: Lymphocyte responsiveness in squirrel, cebus and
marmoset monkeys infected with H- saimiri. In Clemensen, J. and
lohn, D.S- (Ed.) : Proc VII Int Symp on Comparative Research in
Leukemia S Related Diseases, Oct. 1975, Copenhagen, Denmark. Basel,
S. Karger AG, 1976 (In Press)

.

386. Kalter, S.S., Shain, S.A., Smith, G.C, McCullough, B., Heberling,
R.L. and Dalton, A.J.: Oncorna-like viruses in baboon prostate
tissue. J Katl Cancer Inst 55: 1237-1241, 1975.

387. Kaplan, J., Tilton, J. and Peterson, M.D., Jr.: Identification of T
cell lymphoma tumor antigens on human T cell lines. Am J Hematology
(In Press) .

388. Katz, A.D. and Henderson, B.E. : Parotid tumors in family groups and
selected epidemiological observations. Arch Otolaryngol (In Press).

1187



389. Kawakami, 1,G., HcDowell, T.S., Johnson, D.L., Breznock, A.H. and
Harrold, J.B.: Oncornavirus-host interaction in gibbons. In
Clemensen, J. and Yohn, D.s. (Ed.): Proc VII Int Symp on Comparative
Besearch in Leukemia & Related Diseases, Oct. 1975, Copenhagen,
Denmark. Basel, S. Karger AG, 1976 (In Press).

390. Kay, H.D., Thota, H. and Sinkovics, J.G.: A comparative study on in
vitro cytotoxic reactions of lymphocytes from normal donors and
patients with sarcomas to cultured tumor cells. Clin iDDuno
ImmuDopathol (In Press)

.

391. Kelloff, G.J., Peters, E.L., Donahoe, E.M. , Ghazzouli, I., Sass, B.,
Hims, R.M. and Euebner, R.J.: An approach to C-type virus
immuno-prevention of spontaneously occurring tumors in laboratory
mice. Cancer Res 36: 622-630, 1976.

392. Kelloff, G.J., Peters, R.L., Donahoe, R.H., Stephenson, J.R. and
Aaronson, S.A.: Natural occurrence of tumors in mouse strains
differing in their xenotropic and ecotropic endogenous viruses. J
Natl Cancer Inst (In Press) .

393. Kenney, P.T., Lane, S.E., Lee, K.-L. and Ihle, J. N. : Glucocorticoid
control of gene expression. In Criss, H.E. (Ed.): Modified Cellular
6 Molecular Controls in Neoplasia. Proc VII Int Symp on Modified
Cellular and Molecular Controls in Neoplasia, Dec. 1975, 'Honolulu,
Hawaii. New York, Paven Press, 1976 (In Press).

39U. Kiaball, P., Boehm-Truitt, H., Schochetman, G. and Schlom, J.:
Characterization of mouse mammary tumor viruses from primary tumor
cell cultures. I. Immunological and structural studies. J Natl
Cancer Inst 56(1): 111-117, 1975.f

395. Kimball, P., Michalides, R., Colcher, D. and Schlom, J.:
Characterization of mouse mammary tumor viruses from primary tumor
cell cultures. II. Biochemical and biophysical studies. J Natl
Cancer Inst 56(1): 119-123, 1975.

396. King, N.H., Barahona, H., Daniel, H.D. , Bekesi, J.G. and Jones, T.C.

:

The effect of phosphonoacetic acid on the ultra structure of cell
cultures infected with simian oncogenic herpesvirus. Proc 60th FASEB
Annu Htg 1976, Anaheim, Ca. , 1976 (Abstract).

397. Kiuchi, H. and Takasugi, M.: The nonselective cytotoxic cell (N

cell). J Natl Cancer Inst (In Press).

398. Knesek, J.E., Yoshida, H. , East, J.L., Bowen, J. M. and Dmochowski, L.

:

The presence in human prostate tissue of RNA related to genome of
RNA tumor viruses. Annu Mtg Am Assn Cancer Res SW Section, Dallas,
Tex, Nov. 1975, p 26 (Abstract).

399. Koment, R.H. and Rapp, F. : In vivo characteristics of
temperature-sensitive host range mutants of herpes simplex viros
type 2. Intervirology 5: 10-20, 1975.

400. Kotler, M., Balabanova, H., Weinberg, E., Friedmann, A. and Becker,
Y.: Oncomavirus-like particles released from arginine- deprived
human lymphoblastoid cell lines. Proc Natl Acad Sci DSA 72:
4592-^596, 1975.

1188



«»01. Kouri, R.E.; The role of the enzyme complex, aryl hydrocarbon
hydroxylase (AHH) , in chemically- induced cancers. In Freudenthed,
R.I. and Jones, P.H. (2d.) : Polynuclear Aromatic Hydrocarbons;
Chemistry, Metabolism, and Carcinogenesis. New York, Eaven Press
(In Press) .

Kouri, E.E. , Kurtz, S.A., Price, P. J. and Benedict, S.P.:
1-Beta-D-Arabinof uranosylcytosine-induced malignant transformation
of hamster and rat cells in culture. Cancer He's 35: 2413-2419,
1975.

Kraemer, D.C., Kalter, S.S. and Moore, G.T.: The establishment of
non-human primate breeding colonies at the Southwest Foundation for
Research and Education. In Perkins, F.T. and O'Donoghue, P.N.
(Ed.) : Breeding Simians for Developmental biology. Laboratory Animal
Handbook 6. London, Laboratory Animals Ltd., 1975, p U-47.

404. Kung, H.J., Bailey, J.M., Davidson, N., Nicolson, H.O. and HcAllister,
R.H.: Structure, subunit composition, and molecular weight of

ED-114 ENA. J Virol 16(2): 397-411, 1975.

405. Kung, H.J., Hu, S., Bender, H., Bailey, J. M. , Davidson, N. , Nicolson,
K.O. and McAllister, R.M.: RD-114, baboon and woolly monkey viral
EHA's compared in size and structure. Cell 1975 (In Press)

.

406. Kung, P.C, Gottlieb, P.D. and Baltimore, D.: Terminal
deoxynucleotidyl transferase: Serological studies and
radioimmunoassay. J Biol Chem (In Press)

.

407. Laing, C. , Bekesi, J.G. and Holland, J.F.: Inhibition of PHA icdaced
agglutination and blastogenesis of mouse splenic lymphocytes in
vitro by syngeneic tumor bearer sera. In Proc 3rd Int Symp on
Detection and Prevention of Cancer, April 1976, New York (Abstract).

408. Lamon, E.H., Andersson, B., Whitten, H.D. , Hurst, H.H. and Ghanta, Y.

:

IgM complex receptors on sub populations of murine lymphocytes. J

Immunol (In Press)

.

409. Lamon, E.W., Hale, P. and Whitten, H.D.: Antibody dependent cell
mediated cytotoxicity with autochthonous lymphocytes and sera
following Moloney sarcoma virus infection. J Natl Cancer Inst (In

Press).

410. Lamon, E.W., Whitten, H.D., Lidin, B. and Fudenberg, H. H. : IgH induced
tumor cell cytotoxicity mediated by normal thymocytes. J Exp Hed
142: 542-547, 1975.

411. Lamon, E.H. , Whitten, H.D., Skurzak, H.M., Andersson, B. and Lidin,
B.: IgH antibody dependent cell mediated cytotoxicity in the
Moloney sarcoma virus system: The involvement of T and B lym^iocytes
as effector cells. J Immunol 115: 1288-1294, 1975.

Larsen, C.J., Marty, M., Hamelin, R. , Peries, J., Boiron, B. and
Tavitian, M.: Search for nucleic acid sequences complementary to a

murine oncornaviral genome in Poly (A) rich ENA of human leukemic
cells. Proc Natl Acad Sci USA 72: 4900-4904, 1975.

'413. Lasfargues, E.Y., Dion, A. S. , Lasfargues, J.C. and Pomenti, A.A-:
Influence of mycoplasma infection on the production of MuMTV by
mouse mammary tumor cells. Abstracts of 26th Mtg of the Tissue
Culture Association, 1975, #56.

1189



414. Lasfargues, E.7., Lasfargues, J.C, Dion, A.S., Greene, A.E. and
Hoore, D.B- : Experimental infection of a cat kidney cell line with
the souse Bamaary tumor virus. Cancer Res 36: 6772, 1976.

415. Lausch, R.H., Murasico, D.M. and Hay, K.A. : Tumor cell survival in a
hostile immune environment. In Weiss, L. (Ed.): Fundamental Aspects
of Hetastasis. North-Holland Publishing Company (In Press).

416. Lausch, E.I- and Prather, S.O. : Occurrence of antibody-dependent
cellular cytotoxicity and blocking activity in sera of tumor bearing
animals: An inverse correlation. In Proc 3rd Int Symp on Detection
and Preveation of Cancer, April 1976, New York (Abstract) (In
Press) .

417. Lausch, E.H., Sofranko, J. and Prather, S.O.: Anal y:. is of sera from
SVIO-immunized tumor-bearing hosts for blocking activity and
antibody-dependent cellular cytotoxicity. J Immunol 115: 682-687,
1975.

418. Lenoir, G- , Berthelon, H.C., Pavre, H.C. and De The, G.:
Characterization of Epstein-Barr virus (EBV) antigens. II.
Detection of early antigen(s) using anticomplement
immunofluorescence (ACIF) and complement fixation (CF) tests.
Biomedicine 23(10): 461-464, 1975.

419. Lenoir, G., Hartin-Berthelon, B.C., Favre, H.C. and De The", G. :

Characterization of EBV antigens I - Biochemical analysis of the
complement-fixing soluble antigen and relationship with EBNA. J
Virol (In Press) .

420. Leong, J.C, Smith, H.S. and Goodman, H.M.: Viral HNA in the
cytoplasm of SVUO-transformed mouse cells: Post-translational
processing. Virology (In Press) .

421. Lerner, E-A., Wilson, C. B. , Del Villano, B.C., HcConahey, P.J. and
Dixon, P.J.: Endogenous oncornaviral gene expression in adult and
fetal mice: Quantitative histologic, and physiologic studies of the
major viral glycoprotein, gp70. J Exp Med 143: 151-166, 1976.

422. Levin, A- , aassey, E., Deinhardt, F., Schauf, V. and Holter, J.: Ose
of a 51Cr release microcytotoxicity assay for the study of
lymphocytotoxicity and inhibition of lymphocytotoxicity in human
breast cancer. In Crispen, E.G. (Ed-): Neoplasm Immunity: Theory
and Application. Chicago, Illinois, ITR, 1975, pp. 107-126.

423. Levine, P.H., Cho, B.R., Connelly, R.E-, Berard, C.W., O'Conor, G. T. ,

Dorfmaa, H.F. , Easton, J-H- and DeVita, V-T-: The American Burkitt
Lymphoma Registry: A progress report. Ann Intern Sled 83: 31-36,
1975.

424. Levine, P.H., Connelly, R-B., Herberman, R-B., KcCoy, J.L. and
Fabrizio, P. L. : Humoral and cellular immunity to EBV and lymphoid
cell line antigens in human lymphoma. In De The, G., Epstein, M.A.
and Zur Hansen, H. (Ed.) : Oncogenesis and Herpesviruses II. Proc
2nd Int Symp on Oncogenesis and Herpesviruses, Oct. 1974, Nuremberg,
Germany. Lyon, France, lABC Sci Pub No. 11, 1975. Part I, p
225-235.

425. Levine, P.H., De The", G., Brugere, J., Schvaab, G. , Mourali, N.,
Herberman, H.B., Ambrosioni, J.C. and Revol, P.: Immunity to
antigens associated with a cell line derived from nasopharyngeal
carcinoma (NPC) in non-Chinese NPC patients. Int J Cancer 17: 777,
1976.

1190



1,^^
426, Levinson, H.E. and Helling, R. : Inactivation of lambda phage

infectivity and lambda DNA transfection of N-methyl isatin
beta- thiosemicarbazone - copper complexes. Antimicrob Agents
Chemother 9: 160-163, 1976.

^)

%

127. Levy, J. A.: Endogenous C-type viruses: Double agents in natural life
processes. Biomedicine (In Press)

.

128. Levy, j. A. , Hartley, J.H., Rowe, w. P. and Huebner, R.J.: Studies of
FBJ osteosarcoma virus in tissue culture. II. Autoinhibition of
focus formation. J Natl Cancer Inst 54: 615-619, 1975.

U29. Lieber, M.H., Benveniste, R.E., Sh^rr, C.J. and Todaro, G.J.: Biologic
and immunologic properties of porcine type C viruses. Virology 66:
616-619, 1975.

U30. Lieber, M.M., Benveniste, R.E., Sherr, C.J. and Todaro, G.J.:
Isolation of a type C virus (FS-1) from the European wildcat (Fells
sylvestris) . Virology 66: 117-127, 1975.

431. Lieber, H.H., Smith, B., Szakal, A., Nelson-Rees, W.A. and Todaro,
G.J.: A continuous cell line from a human lung carcinoma with
properties of type II alveolar epithelial cells. Int J Cancer (In
Press) .

432. Livingston, D. M. , Ferguson, C. , Gollogly, R. and Lazarus, H.:
Accumulation of cystine auxotrophic thymocytes accompanying type C
leukemogenesis in the mouse. Cell 7: 41-47, 1976.

433. Livingston, D- H. , Howard^ T. and Spence, C: Identification of
infectious virions vhich are vesicular stomatitis virus pseudotypes
of murine type c virus. Virology (In Press).

434. Lopez, D.M., Ortiz-Huniz, G. and Sigel, M.M. : Macrophage migration
inhibition and lymphocyte stimulation with mammary tumor virus
associated antigens in EALB/c mice. Proc Soc Exp Biol Med (In
Press)

.

435. Lopez, D.M. and Sigel, H.M.: Specificity of blastogenic
transformation reaction induced by mammary tumor virus (MTV) in
HTV-negative BALB/c mice. X atg on Mammary Cancer in Experimental
Animals and Man, March 1976, Nara-Ken, Japan (Abstract)

436. Lopez, D.M. and Sigel, M-M.: Specific recognition of mammary tumor
virus (MTV) antigen (s) by lymphocytes from Balb/c mice. J
Reticuloendothel Soc 28: 1975 (Abstract).

437. Lopez, D.M. and Sigel, H.M. : Correlation of tumor growth and
cell-mediated immune responses of mice bearing mammary tumors
following surgical procedures. J Reticuloendothel Soc 18: 305-312,
1975.

438. Louie, E., Henderson, B.E., Jing, J. and Buell, P.: A case-control
study of nasopharyngeal carcinoma in California. In Henderson, B.E.
(Ed.) : Proc Symp on Epidemiology and Cancer Registries in the
Pacific Basin, Maui, Hawaii, Nov. 1975. Los Angeles, Ca., DSC Press
(In Press) .

439. Lovinger, G.G., Klein, R. , Ling, H.P. , Gilden, R.V. and Hatanaka, M.:
Kinetics of murine type C virus specific DNA synthesis in newly
infected cells, j Virol 16: 824-831, 1975.

1191



««0. Hack, T.H., Pike, B.C., Henderson, B.E., Pfeffer, R-I., Gerkins, V.R.,
Arthur, H. and Brown, S.2.: Estrogens and endometrial cancer in a
retirement commanity. N Engl J Ned (In Press)

.

«»41 . Hagrath, I.T. and Henle, H. : Changes in antibodies to Epstein-Barr
virus-associated antigens with the development of Burkitt's
lymphoma. In De The", G., Epstein, M.A. and Zur Hausen, H. (Ed.):
Oncogenesis and Herpesviruses II. Proc 2nd Int Symp on Oncogenesis
and Herpesviruses, Oct. 1974, Nuremberg, Germany. Lyon, France,
lAEC Sci Pub No. 11, 1975. Part 2, p 275-281.

4U2. Maisel, J.E. , Scolnick, E.M. and Duesberg, P.H.: Base sequence
differences between the HNA components of Harvey sarcoma virus. J
Virol 16: 749-753, 1975.

H'A3, Hargalith, H., Gerard, G.F- and Green, M. : Studies on the DFA
polymerase activity contained in particles released from hunan
embryo cell monolayers. Biochim Biophys Acta (In Press) .

444. Hark, G.E. and Hiller, R. L.: ONA-cellulose binding of herpes simplex
virus-induced DNA polymerase. Abstracts Annu Htg Am Soc
Hicrobiology, May 1976, Atlantic City, N.J. (Abstract) (In Press).

445. Harquez, E. D. and Rapp, F.: Presence of herpesvirus associated
antigens on the surfaces of transformed, tumor and metastatic cells
and enhanced antigenicity of transformed cells using
5-iodo-2-deoxyuridiDe. Intervirology (In Press).

446. Martin, L.N. and Allen, H.P.: Response to primary infection with
Herpesvirus saimiri in immunosuppressed juvenile and newborn
squirrel monkeys. Infection & Immunity 12: 528-535, 1975.

447. Haruyama, K- and Dmochowski, L. : Surface antigens of RNA virus
induced tumors. Immunological Aspects of Neoplasia. 27th Annu Symp
on Fundamental Cancer Research, March 1973, Houston, Texas.
Baltimore, Md. , The Williams S Wilkins Co., 1975, p 169-189.

448. Maruyama, K., Miller, M.F., Hixson, D-C. and Wagner, S-H.: Surface
properties of mammalian C-type viruses. In Clemensen, J. and Yohn,
D.S. (Ed.): Proc VII Int Symp on Comparative Research in Leukemia &
Related Diseases, Oct. 1975, Copenhagen, Denmark. Basel, S. Karger
AG, 1976 (In Press) .

449. Maruyama, K., Wagner, S.H., Ware, M.J., Myers, B. and Dmochowski, L.:
C-type virus antigens in human cells. Annu Mtg Am Assn Cancer Res
SM Section, Dallas, Tex, Nov. 1975, p 28 (Abstract)

-

450. Haruyama, K. , Hare, M.J., Dmochowski, L. and Johnson, D.E.:
Tumor-associated antibodies in human prostatic cancer. Cancer Res
(In Press) .

451. Haruyama, K., Ware, M.J., Zalta, A. H. , Ohtsuki, Y., Dmochowski, L. and
Johnson, D.E. : studies of human prostatic cells in tissue culture.
Annu Mtg Am Assn Cancer Res SW Section, Dallas, Tex, Nov. 1975, p 27
(Abstract) .

452. Hassay, R.J., Deinhardt, ?., Major, E.O. and Di Mayorca, G. : Detection
of altered membrane antigens on the surfaces of
papovavirus-transf ormed cells. Proc V Lepitit Colloq. North
Holland Publishing Co., p 35-42.

1192



453. Bathes, L.E. , Yohn, D.S., Essex, M., Hoover, E.A., Schaller, J. P. and
Olsen, R.G. : Feline oncornavirus-associated cell membrane antigen.
VI. Cytotoxic antibody in cats exposed to feline leukemia virus. J
Katl Cancer Inst (In Press).

H5H. Bayyasi, S., Larson, D.L. and Ahmed, H, : Practical considerations in
the development of a human cancer vaccine. Cancer Bes 36(2):
861-864, 1976.

1155. BcAllister, H.H. , Nelson-Bees, W.A., Peer, H., Laug, W.E., Isaacs, H.,
Jr., Gilden, R.V., Eongey, B.S. and Gardner, M.B.: Childhood
sarcomas and lymphomas: Characterization of new cell lines and
search for type C virus. Cancer 36: 1804-1814, 1975.

H56. McCaffrey, B.P., Greaves, M., Harrison, T. A. , Revezs, T. , Beard, M.

and Baltimore, D.: Biochemical and immunological evidence for
lymphoblastic conversion in chronic myelogenous leukemia. 18th
Annual Meeting, American Society of Hematology, Dallas, Texas,
Oecanber 1975.

457. McCaffrey, R.P., Harrison, T.A. and Baltimore, D.: Chromatographic
forms of terminal deoxynucleotidyl transferase in normal and
leukemic hematopoietic cells. Clin Res 23: 341a, 1975.

458. McCaffrey, R.P., Harrison, T.A., Rung, P.C. , Parkman, R. , Silverstone,
A.E. and Baltimore, D.: Terminal deoxynucleotidyl transferase in
normal and neoplastic hematopoietic cells. In Neth, R. (Ed.) :

Modem Trends in Human Leukemia. Hunchen, J.F. Lehmanns Verlag,
1976 (In Press) .

459. McCaffrey, E.P. , Harrison, T.A., Parkman, E. and Baltimore, D.:

Lineage of lymphocytes in leukemia. N Engl J Med 293: 358-359,
1975.

460. McDonald, R., Thakkar, B. , Holfe, L.G. and Deinhardt, F.

:

Characteristics of three strains of feline fibrosarcoma virus grown
in cat and marmoset monkey cells. Int J Cancer (In Press)

.

461. McGrath, CM., Furmanski, P., Eusso, J., HcCormick, J.J. and Rich,
B.A. : 734B: A candidate human breast cancer virus. In Friedman,
H. , Crowell, R. and Prier, J. (Ed.) : Tumor virus Infection and
Immunity. Baltimore, Md., Oniveristy Park Press (In Press).

462. McGrath, CM., Marinueau, E.J., Larson, L.J. and Rich, M.A.: The
presence of 734B sequences in nuclear DNA of normal human cells. X

Mtg on Mammary Cancer in Experimental Animals and Man, March 1976,
Nara-Ken, Japan (Abstract) (In Press).

463. Melendez, L.V., Cadwallader, J., Jackman, D. , Eraser, C.E.O. and
Daniel, M.D. : In vitro attenuation of Herpesvirus saimiri by ^serial
passage in dog fetal lung (DFL) continuous cultures. In De The, G.,
Epstein, M.A. and Zur Hausen, H. (Ed-): Oncogenesis and
Herpesviruses II. Proc 2nd Int Symp on Oncogenesis and
Herpesviruses, Oct. 1974, Nuremberg, Germany. Lyon, France, lABC
Sci Pub Ho. 11, 1975. Part 2, p 353-362.

464. Helnick, J.L. : Immunological control of cervical cancer. Cancer Res
36: 859-860, 1976.

465. Melnick, J. L. , Courtney, E.J., Powell, K.L., Schaffer, P.i.,
Benyesh-Melnick, H., Dreesman, G.E., Anzai, T. and Adam, E.: Studies
on herpes simplex virus and cancer. Cancer Bes 36: 845-856, 1976.

1193



466. Henck, H.H., Henderson, B.E., Pike, M.C, Hartin, S.P., Hack, T.H. and
SooHoo, J.: Cancer incidence in the Mexican American. J Natl Cancer
Inst 55: 531-536, 1975.

467. Hichalides, B. and Schlom, J. : Helationship in nucleic acid sequences
between moase mammary tumor virus variants. Proc Natl Acad Sci OSA
72(11) : 4635-4639, 1975.

U68. Hichalides, H., Schlom, J., Dahlberg, J. and Perk, K. : Biochemical
properties of the bromodeoxyuridine- induced guinea pig virus. J
Virol 16: 1039-1050, 1975.

469. Hichalides, B. , Schlom, J., Pearson, J.H., Perk, K and Dahlberg, J.:
Characterization of the oncornavirus particles in the plasma of
guinea pigs with the L2C leukemia. J Virol (In Press).

470. Hichalides, B., Spiegeloan, S. and Schlom, J.: Biochemical
characterization of putative suflviral particulates from human
malignant breast tumors. Cancer Res 35: 1003-1008, 1975.

471. Hiller, M.F., Dmochowski, L., Bowen, J. M. , Scanlon, M.D., Chesner, J.
and Kenny, R. : Immunof erritin studies on naturally occurring
antibodies in mouse sera against the mouse mammary tumor virus
(BMTV) . 33rd Annu Proc Electron Microscopy Soc of America, Aug.
1975, Las ¥egas, Nevada, p 344-345, (Abstract).

472. Bills, D.R., Kramer, P.E., Dobkin, C. , Nishihara, T. and Spiegelman,
S. : Nucleotide sequence of microvariant ENA: Another small
replicating molecule. Proc Natl Acad Sci USA 72(11): 4252-4256,
1975.

473. Hishra, N.K. and Di Hayorca, G.;
cells by chemical carcinogens.
1975.

In vitro malignant transformation of
Biochim Biophys Acta 355: 204-219,

474,

475.

476.

477.

478.

479,

Hohr, S.J- and Chirigos, M.A. : Potentiation of a tumor cell vaccine
by pyran copolymer. In Chirigos, M- A. (Ed.): Modulation of Host
Immune Resistance in the Prevention or Treatment of Induced
Neoplasia, Dec. 1974. Fogarty Int Center Proceedings No. 28, 1976
(In Press) .

Hohr, S.J. and Chirigos, M.A.: Tilorone hydrochloride as
immuno-ad juvant therapy against murine neoplasias. In Chirigos,
H.A. (Ed.): Modulation of Host Immune Resistance in the Prevention
or Treatment of Induced Neoplasia, Dec- 1974- Fogarty Int Center
Proceedings No- 28, 1976 (In Press).

Hohr, S.J., Chirigos, H.A., Fuhrman, F.S. and Pryor, J.W-: Pyran
copolymer: An effective adjuvant to chemotherapy against a murine
leukemia and solid tumor- Cancer Res 35: 3750-3754, 1975.

Hohr, S. J. , Chirigos, H.A., Fuhrman, F.S- and Smith, G-: Enhancement
of a tumor allograft in CD2F mice by pyran copolymer. Cancer Res (In

Press) .

Hoore, D.H.: The mammary tumor viruses. In Gottlieb, A. A., Plescia,
O.J. and Bishop, D.H.L. (Ed-): Fundamental Aspects of Neoplasia.
New York, Springer-Verlag , 1975, p 55-59-

Hoore, D.H.:
York, H-Y.

Mammary tumor virus. In Becker, F-F. (Ed-): Cancer. New

Plenum Publishing Corp., 1975, Vol. 2, p 131-167.

1194



JJSO.- Hoore, D.H. , Holben, J. A. and Charney, J.: Biological characteristics
of some of the mouse naniDary tumor viruses. J Natl Cancer Inst (In
Press).

U81. Morgan, D., Puscetti, F., Gallagher, R.E., Hu, A.M. and Gallo, B.C.:
Selective in vitro growth of human hemopoietic cells by
PHA-stimulated lymphocyte conditioned medium (LY-CH) . 18th Annual
Meeting American Society of Hematology, Dallas, Texas, December 1975
(Abstract) .

'•82. Mulder, C-, Fleckenstein, B. and Simonds, J. A.: Structural analysis
of Herpesvirus saimiri with restriction endonucleases. Proc 9th Mtg
European Tumor Virus Group, 1975, Copenhagen, Denmark (In Press).

483. Munk, K., Darai, G., Deinhardt, P., Marczynska, B., Nonoyama, H. and
Silver, S.: Herpes simplex virus and neoplastic transformation. In
Clemensen, J. and Yohn, D.S. (Ed.): Proc VII Int Symp on Comparative
Research in Leukemia & Related Diseases, Oct. 1975, Copenhagen,
Denmark. Basel, S. Karger AG, 1976 (In Press).

484. Murasko, D. H. and Lausch, R.N. : Immunostimulation of cytomegalovirus
transformed cells and its inhibition by blocking sera. J Natl
Cancer Inst (In Press) .

485. Murasko, D.M. and Lausch, R.N.: Spleen cell cytotoxicity ior
cytomegalovirus-transformed cells. II. Inhibition by
cytomegalovirus antiserum. Int J Cancer 16: 24-32, 1975.

486. Murray, B.K., Biswal, N., Bookout, J.B., Lanford, R. E. , Courtney, R.J.
and Helnick, J.L.: Cyclic appearance of defective interfering
particles of herpes simplex .virus and the concomitant accumulation
of early polypeptide VP175. Intervirology 5: 173-184, 1975.

487. Nardon, P., Monguet, D. , Didier-Fichet, M.L. and De The", G.:
Comparison of zymogram of three lymphoblastoid cell lines (Burkitt
lymphoma) with a new microtechnique. Biomedicine (In Press)

.

488. Nebert, D.W., Kouri, R.E., Yagi, H., Jerina, D.M. and Boobis, A.B.

:

Genetic differences in mouse cytochrome Pl-il50-mediated metafiolism
of benzo (a) py rene in vitro (carcinogenic index in vivo). In Snyder,
R., Jollow, D. and Gillett, J.H. (Ed.): Active Intermediates:
Formation, Toxicity and Inactivation. New York, Plenum Press (In
Press)

.

489. Nelson, K. , Pollack, S. B. and Hellstrom, K. E. : In vitro synthesis of
tumor- specific factors with blocking and antibody-dependent cellular
cytotoxicity (ADC) activities. Int J Cancer (In Press).

490. Nelson, K. , Pollack, S.B. and Hellstrom, K.E.: Specific anti-tumor
responses of cultured immune spleen cells. III. Further
characterization of cells which synthesize factors with blocking and
antiserum dependent cellular cytotoxic (ADC) activities. Int J
Cancer (In Press) .

491. Nelson-Rees, H.A. and Flandermeyer, H.R.: HeLa cultures defined.
Science 191: 96-98, 1976.

492. Neubauer, R.H., Armstrong, H.E., Lambert, L.A» and Rabin, H.:
Fibrinolytic activity associated with established primate
lymphoblastoid cell lines and normal lymphocytes. Proc Am Assoc for
Cancer Res, May 1976, Toronto, Canada, Vol. 17, March 1976
(Abstract) (In Press) .

1195



493. Keubauer, R.H., Rabin, H. , Arnstein, P., Woodside, N. J. , Talerio,
j

M.G., Wallen, W.C., Hopkins, R.F. Ill and Loeb, W.F.

:

|

Characterization of a spontaneous undifferentiated carcinoma from an
|

African green monkey (Cercopithecus aethiops) . In Vitro (In Press)

.

H9H. Neubauer, E.H. , Wallen, B.C. and Rabin, H.: Inhibition of the ^ j

mitogenic response of normal peripheral lymphocytes by extracts or ^ |

supernatant fluids of a Herpesvirus saimiri lymphoid tumor cell
i

line. Infection C Immunity 12: 1021-1028, 1975.

195. Neubauer, R.H., Wallen, W.C. and Rabin, H.: Antilymphocyte factor i

derived from a Herpesvirus saimiri lymphoid tumor cell line. In
Clemensen, J. and Yohn, D.S. (Ed.) : Proc VII Int Symp on Comparative

j

Research in Leukemia 5 Related Diseases, Oct. 1975, Copenhagen,
Denmark. Basel, S. Karger AG, 1976 (In Press).

,

]

4 96. Newgard, K-H., Cardiff, R.D. and Blair, P. B. : Human antibodies
]

binding to the mouse mammary tumor virus: A non-specific reaction. I

Cancer Res (In Press) .
j

497. Nicolson, H.O., Hariri, P., Krempin, H.H., McAllister, R.M. and
j

Gilden, R.V.: Infectious proviral DNA in human cells infected with !

transformation-defective type C viruses. Virology (In Press)

.

j

498. Nigam, R. and Dosik, H.: Chronic myelogenous leukemia presenting in
j

the blastic phase and its association with a 45 XO Phi karyotype. ^»
Blood 47(2): 223-227, 1976. M^ I

499. Nigida, S. B. , Falk, L.A., Wolfe, L. G. , Deinhardt, ?. , Lakeman, A. and
i

Alford, C.A.: Experimental infection of marmosets with a
|

cytomegalovirus of human origin. J Infect Dis 132: 582-586, 1975.

500. Nishioka, K. , Levin, A.G- and Simons, M.J.: Report of WHO-assisted
|

workshop on Hepatitis B antigen. Bull WHO (In Press)

.

{

i

501. Nomura, S. and Pischinger, P.J.: Rapid screening assay for revertants
of HSV-transformed cells. In Prescott, D.M. (Ed.): Methods in Cell I

Biology. New York, Academic Press Inc., 1976, Vol. 14, (In Press).
j

502. Nomura, S. , Pischinger, P.J., Hartley, J.W. and Mattern, C.F.T.: i

Induction of a novel transforming virus (MSV-2) from sarcoma i

positive leukemia negative 3T3FL mouse cells. Virology 69: (In
,

Press).

503. Nonoyama, H., Glaser, R. and Tanaka, A.: Transcription of latent BBT
genomes in epithelial/Burkitt hybrid cells. Proc Am Assoc for
Cancer Res, May 1976, Toronto, Canada, Vol. 17, March 1976
(Abstract) (In Press)

.

^
504. Nonoyama, H. and Tanaka, A.: State and function of latent

Epstein-Barr virus genome. In Clemensen, J. and Tohn, D.S. (Ed.):
Proc VII Int Symp on Comparative Research in Leukemia 5 Belated
Diseases, Oct. 1975, Copenhagen, Denmark. Basel, S. Karger AG, 1976
(Abstract) (In Press)

505. Nonoyama, fl. and Tanaka, A.: State of Epstein-Barr virus genomes in ^
transformed human lymphocytes. 3rd Int Congress for Virology, ^k^
Hadrid, Spain, Sept. 1975 p 115 (Abstract). ^^

1196



506. Nonoyama, B., Tanaka, A. and Tajima, Y. : Replication and latency of
Epstein-Barr virus. In Clemensen, J. and Yohn, D.S. (Ed,): Proc VII
Int Symp on Comparative Research in Leukemia S Related Diseases,
Oct. 1975, Copenhagen, Denmark. Basel, S. Karger AG, 1976 (In
Press) .

507. Boon, B.C., Solford, B.G. and Parks, W.P.: Expression of mouse
oammary toBor viral polypeptides in milk and tissues. J Immunol 115:
653-658, 1975.

508. O'Brien, S. J. : An estimation of the extent and character of gene
dysfunction in chemically transformed mouse fibroblasts. Isozyme
Bulletins: 47, 1975 (Abstract).

509. O'Brien, 5.J.: Biochemical nutations in D. melanogaster. In King,
R.C. (Ed. J: Handbook of Genetics 3. New York, Plenum Press, 1975, p
669-678.

510. O'Brien, S.J-, Kleiner, G., Kern, 3, and Reynolds, J.: Zymogram
phenotypes of widely used cell lines from various animal species.
Isozyme Bulletin 9: 20-27, 1976.

511. O'Brien, S.J. and Shimada, Y.: Coverphoto. Cell, August 1975.

512. O'Brien, S.J., Simonson, J.M. and Boone, C.H.: Endogenous type C
virus of nouse BAG cells: Viral, immunological and genetic
characteristics. J Cell Biol 67: 313a, 1S75 (Abstract).

513. O'Brien, S.J., Simonson, J.H. and Boone, C.H.: Restriction of feline
leukemia ^rus and BALB/c endogenous virus productioTi in cat mouse
hybrid cell. Genetics 80: 61-62, 1975 (Abstract)

-

51U. Ogino, T. aod Rapp, F.: Deoxycytidine kinase activity from rabbit
kidney cells infected with herpes simplex virus type 1 or 2. Proc
Soc Exp Biol Bed (In Press)

.

515. Ohtsuki, Y., Scanlon, M.D., Seman, G. , Bowen, J.M. and Dmochowski, L.:
Intracisternal virus-like particles in SD-MS (rat bone tumor)
virus- infected mouse prostate cells grown in vitro. Annu Ktg Am
Assn Cancer Hes SW Section, Dallas, Tex, Nov. 1975, p 6 (Abstract).

516. Ohtsuki, Y-, Seman, G., Bowen, J.M. and Dmochowski, L.: Virus-like
particles in human prostate cancer and virus particles in normal
prostate of mice. 33rd Annu Proc Electron Microscopy Soc of
America, iog. 1975, Las Vegas, Nevada, p 382-383 (Abstract).

517. Oie, H.K., Easton, J.M. , Ablashi, D.V. and Baron, S. : Murine
cytomegalovirus: Induction of and sensitivity to interferon in
vitro. Infection S Immunity 12: 1012-1017, 1975.

518. Oie, H.K., Bnssell, E.K., Dotson, J.H., Hhoads, J.M. and Gazdar, A.F.:
Host-range properties of murine xenotropic and ecotropic type C
viruses. J Natl Cancer Inst 56: 110-112, 1976.

519. Okabe, H., Gilden, R.V., Hatanaka, M. , Hoover, E. A. and Olsen, R.G.:
HeLV related sequences in DNA from a virus-free cat colony. Virology
(In Press)

.

520. Okabe, H. , Gilden, 2-V., Hatanaka, M., Stephenson, J.S., Tronick,
S.E., Gallagher, R.E., Gallo, E.G. and Aaronson, S.A.: Immunologic
and biocheaical characterization of type C virus isolates from
cultured homan AML cells. Nature (In Press).

1197



521« Okabe, H., Tviddy, R., Gilden, R.V., Hatanaka, H. , Hoover, E.&. and
Olsen, R.G.: FeLV related sequences in DNA from a FeLT-free cat
colony. Virology {In Press).

522. Oldstone, B.B.A. and Dixon, F.J.: lanune complex disease associated
with viral infections. In Notkins, A.L. (Ed.): Viral Immunology and
Immunopathology. New York, Academic Press, 1975, p. 341-356.

523. Olsen, R.G., Hilo, G.E., Schaller, J. P., Mathes, L.E. , Heding, L.D.
|

and Yohn, D.S.: Influence of culture conditions on growth of FL-74
cells and FOCMA production. In Vitro 12: 37-43, 1976.

524. Olsen, H.G., Schaller, J. P., Hoover, E. A. and Yohn, D.S.: Experiaental
oncornavirus vaccines in the cat. In Clemensen, J. and Yohn, D.S.
(Ed.) : Proc VII Int Symp on Comparative Research in Leukemia S
Related Diseases, Oct. 1975, Copenhagen, Denmark. Basel, S. Karger
AG, 1975 (In Press) (Abstract).

525. Opelz, G., Kiuchi, H. and Takasugi, M. : Reactivity of lymphocyte
subpopalations in human mixed lymphocyte culture. J ImDUDogeaetics
2: 1-7, 1975.

526. Opelz, G., Kiuchi, M., Takasugi, H. and Terasaki, P. I.: Aatologoos
stimulation of human lymphocyte subpopulations. J Exp Hed 142:
1327-1333, 1975.

527. Orme, T.H., HcCaw, B.A., Boone, C.H. and Boyd, A.L. : Cellular
localization of HSV-2 associated antigens in transformed mouse
cells. In Schults, J. and Leif, R.C. (Ed.): Critical Factors in
Cancer Immunology. New York, Academic Press, Inc., 1975, p 116-

528. Oroszlan, S. , Copeland, T., Summers, H.R., Smythers, G. and Gilden,
R.V. : Amino acid sequence homology of mammalian type C RNA virus
major internal proteins. J Biol Chem 250: 6232-6239, 1975.

529. Osato, T. , Honoyama, M. , Hizuno, P. and Yamamoto, K. : Alteration in
Epstein-Barr virus-human lymphoid cell interactions by the presence
of type C viral genome. In De The", G., Epstein, M.A. and Zur
Hausen, H. (2d.): Oncogenesis and Herpesviruses II. Proc 2na Int
Symp on Oncogenesis and Herpesviruses, Oct. 1974, Nuremberg,
Germany. Lyon, France, lARC Sci Pub No. 11, 1975. Part 2, p 27.

530. Otten, J.A-, Quarles, J.M. and Tennant, R.W.: Cell division
requirement for activation of murine leukemia virus in cell culture
by irradiation. Virology (In Press).

531. Owens, R.B. , Smith, H.S., Nelson-Rees, H.A. and Springer, E.L.:
Epithelial cell cultures from normal and cancerous human tissues. J
Natl Cancer Insx (In Press).

532. Owens, H.B., Smith, H.S., Nelson-Rees, M.A. and Springer, E. L.

:

Selective cultivation of human epithelial cells. J Natl Cancer Inst
(In Press)

.

533. Padmanabhan, R. , Padmanabhan, R. and Green, H.: Evidence for
palindromic sequences near the termini of adenovirus 2 DNA. Biochen
Biophys Res Comm (In Press)

.

-r'l. Pngano, J.S.: Infections with cytomegalovirus in bone-narrow
transplantation: Report of a workshop. J Infect Dis 132: 114—120,
1975.

1198

€



535. Pagano, J.S. : Diseases and mechanisms of persistent DNA vims
infection: Latency and cellular transformation. J Infect Dis 132:
209-223, 1975.

536. Pagano, J.S. : The SET genome and nasopharyngeal carcinoma. Gordon
Conference on Cancer, New London, N. H. , &ug. 1975 (Abstract).

537. Pagano, J.S., Huang, C.-H., Klein, G., De The, G., Shanmugaratnam, K.
and Yang, C.S.: Homology of Epstein-Barr virus DNA in
nasopharyngeal carcinomas from Kenya, Taiwan, Singapore and Tunis.
In De The, G. , Epstein, M.A. and Zur Hausen, H. (Ed.): Oncogenesis
and Herpesviruses II. Proc 2nd Int Symp on Oncogenesis and
Herpesviruses, Oct. 1974, Nuremberg, Germany. Lyon, France, lASC
Sci Pub Ho. 11, 1975. Part 2, p 179-190.

538. Pagano, J.S., Shaw, J.E. and Huang, C.-H.: Nucleic acid hybridization
techniques in virology. 3rd Int Congress for Virology, Madrid,
Spain, Sept. 1975 (Abstract).

539. Pal, B.J. , ScAllis-cer, R.H., Gardner, H.B. and Roy-Burman, P.:
Comparative studies on the structural phosphoproteins of mammalian
type C viruses. J Virol 16: 123-131, 1975.

510. Panet, A., Baltimore, D. and Hanafusa, T.: Quantitation o:^ avian HNA
tumor virus reverse transcriptase by radioimmunoassay. J Virol 18:
1'»6-152, 1975.

541. Panet, A., Haseltine, W.A., Baltimore, D., Peters, G., Harada, F. and
Dahlberg, J.E.: Specific binding of tryptophan transfer HNA to
avian myeloblastosis virus reverse transcriptase. Proc Natl Acad Sci
USA 72: 2535-2539, 1975.

542. Pang, R.H.L. and Phillips, L.A.: Nucleotide seguences in the ENA of
mammalian leukemia and sarcoma viruses. Biochem Biophys Res Co mm
67: 508-517, 1975.

543. Panigel, fl. , Kraemer, D.C., Kalter, Sis., Smith, G.C. and Heberling,
R. L. : Ultrastructure of cleavage stages and preimplantation embryos
of the baboon. Anat Embryol 147: 45-62,, 1975.

51i». Papadopoulos, N.M.: Lactate dehydrogenase isoenzymes clinical
applications. Isozyme Bulletin (In Press)

.

545. Papadopoulos, N.M.: Another view on lipoprotein electrophoresis. Clin
Chem 21: 2004-2008, 1975.

546. Papas, T.S., Chirikjian, J.G., Woods, W.A. and Chirigos, M.A. : Active
site probes and the selective inhibition of RNA tumor viral DNA
polymerases. In Chirigos, H.A. (Ed.): Modulation of Host Immune
Resistance in the Prevention or Treatment of Induced Neoplasia, Dec.
1974. Fogarty Int Center Proceedings No. 28, 1976 (In Press).

547. Papas, T.S., liu, H. and Chirikjian, J. G. : Modified viral RNA as a
specific active site probe for AMS DNA polyerase. Proc 2nd Natl
Hellenic Cong of Oncology, April 1975, Athens, Greece 2: 443-451,
1975.

548. Papas, T.S., Harciani, D.J., Samuel, K. and Chirikjian, J. G.

:

Mechanism of release of active alpha subunit from dimeric alpha beta
avian myeloblastosis virus DNA polymerase. J Virol (In Press).

1199



519. Papas, T.S. and Pry, T. : Inactivation of avian myeloblastosis virus
(AKV) DNA polymerase by specific binding to pyridoxal 5' -phosphate
to triphosphate binding site. Proc Z Int Congress of Biochemistry
(In Press).

550. Papas, T.S. and Schafer, H.A.: The effect and mode of action of
anthracycline compounds on oncornavirus DNA polymerase activity. Ann
NT Acad Sci (In Press)

.

551. Paranjpe, H.S., Boone, C.w. and Eaton, S.: Selective growth of
Dalignaat cells by in vitro incubation on Teflon. Exp Cell Bes 93:
508-512, 1975.

552. Parker, J-C, Reynolds, B.K., Igel, H. J. , Howe, W.P. and Lewis, A.H.,
Jr.: Lymphocytic choriomeningitis infection in the fetal, neonatal,
and adult Syrian hamster (Hesocricetus auratus) . Infection &
Immunity (In Press) .

553. Parks, H.P-, Hubbell, E.S., Goldberg, E.J., O'Neill, F.J. and
Scolnick, E.M.: High frequency vciriation in mammary tumor vims
expression in cell culture. Cell (In Press)

.

55U . Parks, W.P. and Rapp, F.: Prospects for herpesvirus vaccination -

Safety and efficacy considerations. Prog Hed Virol 21: 188-206,
1975.

555. Paul, P.S., Pomeroy, K.A., Sarma, P.S. , Johnson, K.H., Barnes, D. H.,
Kumar, B.C. and pomeroy, B.S.: Naturally occurring
reticuloendotheliosis in turkeys: Transmission. J Natl Cancer Inst
(In Press)

.

556. Pearson, 3,9., Perk, K., Chirigos, W. A. , Pryor, J.W. and Fuhrman,
F.S.: Histological and combined chemoimmunostimulation therapy
studies against a murine leukemia. Int J Cancer 16: 142-152, 1975.

557. Peebles, P.T. : An in vitro focus induction assay for xenotropic
murine leukemia virus, feline leukemia virus C, and the
feline-primate viruses RD-114/CCC/M-7. Virology 67: 288-291, 1975.

558. Peebles, P.T., Gerwin, B. I. , Papageorge, A. G. and Smith, S.G.: Murine
sarcoma virus defectiveness: Viral polymerase expression in murine
and nonmurine host cells transformed by S+L- type murine sarcoma
virus. Virology 67: 3UU-355, 1975.

559. Peebles, P.T., Gerwin, B.I. and Scoldick, E.M.: Murine sarcoma virus
defectiveness: Serological detection of only helper virus reverse
transcriptase in sarcoma virus rescued from nonmurine S+L- cells.
Virology (In Press).

560. Perloff, H., Bekesi, J.G. and Holland, J.F. : Immunocompetence in
advanced breast carcinoma. In Proc 3rd Int Symp on Detection and
Prevention of Cancer, April 1976, New York (Abstract).

561. Peters, B.L., Donahoe, H.M. and Kelloff, G.J.: Assay in the mouse for
delayed-type hypersensitivity to murine leukemia virus. J Natl
Cancer Inst 55: 1089-1095, 1975.

562. Pett, D.H. , Bstes, H.K. and Pagano, J.S.: Structural proteins of
simian virus 40. I. Histone characteristics of low molecular weight
polypeptides. J Virol 15: 379-385, 1975.

1200



563. Phillips, L.A. and Pang, B.H.L. : The detection and characterization
of polynucleotide sequences in the RNA of mammalian oncornaviruses.
In Cleiaensea, J. and Yohn, D.S. (Ed.): Proc VII Int Symp on
ComparatiTe Research in Leukemia & Related Diseases, Oct. 1975,
Copenhagen, Denmark. Basel, S. Karger AG, 1976 (Abstract) (In
Press).

564. Phillips, S.H., Stephenson, J.B., Greenberger, J.S. , Lane, P.E. and
Aaronson, S. A.: Induction of type C RNA virus by
lipopolysaccharide: Activity of lipid- A-portion upon T C B
lymphocytes. J Immunol (In Press)

.

565. Pike, B.C., Casagrande, J.C. and Smith, P.G.: Statistical analysis of
individually matched case-control studies in epidemiology: Factor
nnder study a discrete variable taking multiple values. Br J Prev
Soc Med 29: 196-201, 1975.

566. Pike, H.C, Gordon, B.J., Henderson, B.E., Henck, H.R. and SooHoo, J.:
Air Pollution. In Fraumeni, J-F. (Ed.): Persons at High Risk to
Cancer: An Approach to Cancer Etiology and Control. Hew York,
Academic Press, Inc., 1975, p 225-239.

567. Pike, O.C. and Henderson, B.E. : Clustering of cancer. Cancer J for
Clinicians 25: 230-234, 1975.

568. Pike, M.C. and Smith, P.G.: A note on detecting household aggregation
of disease. Biometrics (In Press)

.

569. Pitha, P.H., Howe, H.P. and Oxman, M. N. : Effect of interferon on
exogenous, endogenous, and chronic murine leukemia virus infection.
Virology (In Press)

.

570. Powell, K.L., Purifoy, D.J.M. and Courtney, H-J.: The synthesis of
herpes simplex virus proteins in the absence of virus DNA synthesis.
Biochem Biophys Res Comm 66: 262-271, 1975.

571. Prather, S.O. and Lausch, H.N.: Kinetics of serum factors mediating,
blocking, unblocking and antibody-dependent cellular cytotoxicity in
hamsters given isografts of PARA-7 tumor, cells. Int J Cancer (In
Press)

.

572. Price, P.J. : Preparation and use of rat-tail collagen. Tissue
Culture Association Manual 1: 43-44, 1975.

573. Price, P.J., Arnstein, P., Suk, V.A., Vernon, M. L. and Huebner, E.J.

:

Brief communication: Type C RNA viruses of the NIH nude mouse. J
Hatl Cancer Inst 55: 1231-1232, 1975.

574. Price, P.J. , Bellew, T.M. , King, H.P., Freeman, A.E., Gilden, R.V. and
Huebner, R.J. : Prevention of viral-chemical co-c arcinogenesis in
vitro by type-specific anti-viral antibody. Proc Natl Acad Sci OSA
73: 152-155, 1976.

575. Price, P.J., Suk, S.A., Peters, R.L., Martin, C.E., Bellew, T.M. and
Huebner, B.J.: Cordycepin inhibition of
3-mcthYlcholanthrene-induced transformation in vitro. Proc Soc Exp
Biol Med 150: 650-653, 1976.

576. Price, P. J. , Suk, W.A., Skeen, P.C., Chirigos, M.A. and Huebner, R.J.:
Transforning potential of the anticancer drug adriamycin. Science
187: 1200-1201, 1975.

1201



577. Priori, E.S., Ilyin, K.V., Dmochowski, L. and Pine, D.L.

:

Inununological relationship between an oncornavirus isolate from
HEp-2 cells, Hason-Pfizer monkey virus, and human tumor cells. In
Clemensen, J. and Yohn, D.S. (Ed.): Proc VII Int Symp on Comparative
Research in Leukemia & Related Diseases, Oct. 1975, Copenhagen,
Denmark. Basel, S. Karger &G, 1976 (In Press).

578. Proffitt, H.B., Hirsch, M.S. and Black, P. H. : Viruses, autoimmunity
and murine lymphoma. In Talal, N. (£d.): Autoimmunity. New York,
Academic Press (In Press)

.

579. Proffitt, H.H., Hirsch, H.S., Ellis, D.A., Gheridian, B. and Black,
P.H.: iBBonological mechanisms in the pathogenesis of virus- induced
murine leukemia. III. Target cell specificity of autoreactive
thymocytes. J Immunol (In Press)

.

580. Purtilo, D.T., Hutt, L.H. and Yang, J.S.: Duncan*s Disease. Int Soc
Haematologr, London, 1975 (Abstract)

581. Quarles, J. B. , Sega, n.ff. , Schenley, O.K. and Tennant, R.H.: Rapid
screening for chemical carcinogens: Transforming activity of
selected nitroso compounds detected in a transplacental
host- mediated culture system. Natl Cancer Inst Honogr (In Press)

582. Quarles, J.B. and Tennant, R.H.: Effects of nitrosocarbaryl on
BALB/3T3 cells. Cancer Res 35: 2637-26'J5, 1975.

583. Rabin, H. : Virus-associated hematopoietic neoplasms of nonhuman
primates. Advances in Medical Primatology (In Press)

.

58U. Rabin, U. , Adamson, R.H., Heubauer, R.H., Cicmanec, J.L. and Wallen,
H.C.: Pilot studies with human interferon in Herpesvirus
saimiri-induced lymphoma in owl monkeys. Cancer Res 35: '51-455,
1976.

585. Rabin, H., Beubauer, R.H., Woodside, N.J., Cicmanec, J.L., Wallen,
W.C., Lapin, B. A. , Agrba, V.A., Yakoleva, L.A. and Chuvirov, G.N.:
Virological studies of baboon (Papio hamadryas) lymphoma: Isolation
and characterization of foarayviruses. J of Med Primatology (In

Press)

.

586. Rabin, H., Pearson, G.R., Wallen, W.C., Neubauer, R.H., Cicmanec, J.L.
and Levy, 3.: Comparative studies with different strains of
Epstein-Barr virus in owl monkeys and marmosets. In Clemensen, J.

and Yohn, D.S. (Ed.): Proc VII Int Symp on Comparative Research in
Leukemia & Belated Diseases, Oct. 1975, Copenhagen, Denmark. Basel,
S. Karger AG, 1976 (In Press).

587. Rand, K.H., Heed, B., Broseus, I., Hampar, B. , Gilden, R.V. and Long,
C. : Mixed culture cytopathology between oncornavirus indicator
lines, K.C. and XC, and 'virus-free' human choriocarcinoma cells. J

Hatl Cancer Inst (In Press).

588. Rangan, S.B.S., Martin, L.N., Enright, P.M. and Allen, H.P.:
Herpesvirus saimiri-induced malignant lymphoma in rabbits. J Natl
Cancer Inst (In Press)

.

589. Rapaport, E., Svihovec, S- and Zamecnik, P. C. : Relationship of the
first step in protein synthesis to ppGpp: Formation of
A(5') ppp(5*) Gpp. Proc Natl Acad Sci USA 72: 2653-2657, 1975.

1202



590. Rapp, P.: Halignant transformation by herpesviruses. In Kolber, i.
(Ed.): TuBor Virus-Host Cell Interaction. New York, 1975, p
397-«»14.

591. Happ, P. : ?iruses as an etiological factor in cancer. In Yarbro,
J.H. (Ed.): Seminars in Oncology. New York, Grune & Stratton (In
Press) . ^

592. Rapp, P.: Evidence implicating cytomegalovirus as an oncogenic
herpesvirus. ns-OSSR Viral Oncology Mtg, Moscow, OSSE, May 1976
(Abstract) (In Press) .

593. Rapp, P. : Hew properties of mammalian cells transformed by herpes
simplex and cytomegaloviruses. In Neth, R. (£d.): Modern Trends in
Human leukemia II. New York, Grune & Stratton (In Press).

594. Rapp, P.: Oncogenic potential of herpes simplex virus in mammalian
cells following photodynamic inactivation. 4th Annu Htg American
Society for Photobiology, Denver, Colo., Feb. 16-20, 1976, p 38
(Abstract)

.

595. Rapp, P. and Buss, E.R. : A quantitative focus assay for
transformation by herpes simplex virus. 3rd Int Congress for
Virology, Hadrid, Spain, Sept. 1975, p 120 (Abstract).

596. Rapp, P. and Buss, E.R.: Comparison of herpes simplex virus isolates
using a guantitative selection assay for transformation.
Intervirology (In Press)

.

597. Bapp, P., Geder, L. , Murasko, D.H., Lausch, R. N. , Ladda, R. , Huang, E.

and Webber, M.: Long-term persistence of cytomegalovirus genome in
cultured human cell of prostatic origin. J Virol 16: 982-990, 1975.

598. Rapp, P. and Hutt, R. : In vitro transformation of mammalian cells by
human herpesviruses. In Borek, C. and King, D.H. (Ed.): Advances in
Pathobiology, Herpes Viruses. New York, Stratton Intercontinental
Medical Book Corp. (In Press)

.

599. Rapp, P. and Li, J.H.: Transforming activity of viruses after
dye-light inactivation. In Regan, J.D. (Ed.): Photomedicine: Light
in Disease and Therapy. Hew York, Raven Press (In Press).

600. Rapp, P. and Reed, C: Experimental evidence for the oncogenic
potential of herpes simplex virus. Cancer Res 36: 800-806, 1976.

601. Rasheed, S. , Freeman, A.E., Gardner, M.B. and Huebner, R.J.:
Acceleration of transformation of rat embryo cells by rat type C
viruses. J Virol (In Press)

.

602. Ray, 0., Soeiro, R. and Fields, B.N.: Viral envelope synthesis during
restricted infection of Friend leukemia virus. J Virol (In Press)

.

603. Reddy, E. P. , Price, P. J., Chung, K.C. and Sarma , P.S.: Continuous
culturing of murine splenic B-lymphocytes: Synthesis and surface
deposition of IgM and putative IgD molecules. Cell (In Press)

.

604. Reed, C. and Rapp, P.: Induction of oncornavirus antigens by herpes
simplex virus. Proc Am Assoc for Cancer Res, May 1976, Toronto,
Canada, Vol. 17, March 1976 (Abstract) (In Press).

1203



605. Rehacek, J., Fischer, E.G. and Luecke, D.H.: Oncogenic viruses in
vertebrates transmitted by hematophagous arthropods. Advances in
Virus fiesearch. New York, Academic Press Inc., 1976, Vol. 20, p
159-188.

606. Bein, A., Kashmiri, S.V.S., Bassin, R.H. , Gervin, B.I. and
Duran-Troise, G.: Phenotypic mixing between N- and B-tropic murine
leukemia viruses: Infectious particles with dual sensitivity to Pv-1
restriction. Cell 7: 373-379, 1976.

607. Bein, A., Kashmiri, S.V.S., Bassin, B.H., Gervin, B.I. and
Duran-Troise, G.: Phenotypic mixing between N- and B-tropic murine
leukemia viruses. In Baltimore, D., Huang, A.S. and Pox, C.E.
(Ed.); ICH-DCLA Symp on Animal Virology, Squaw Valley, Ca., March
1976. ICB-OCLA Symp on Holecular and Cellular Biology, Vol. U. New
lork. Academic Press, Inc., 1976 (In Press).

608. Beisinger, B.C.: Sudden infant death syndrome. Natural Food and
Farming 22(7) : 9-13, 1975.

609. Eeitz, H. S. , Miller, N.B., Wong-Staal, P., Gallagher, E.E., Gallo,
B.C. and Gillespie, D.H.: Primate type C virus nucleic acid
seguences (woolly monkey and baboon types) in tissues from a patient
with acute myelogenous leukemia and in viruses isolated from
cultured cells of the same patient (cytoplasmic virus-like
particles/Piolecular hybridization/EN A tumor viruses/ human type C
viruses). Proc Natl Acad Sci USA (In Press).

610. Bhim, J.S., Cho, H.Y., Huebner, B.J. and Gilden, B.V.:
Characterization of Kirsten sarcoma virus transformation of human
cells and isolation of nonproducer huaan cells. In Clemensen, J.

and Yohn, D.S. (Ed.): Proc VII Int Symp on Comparative Research in
Leukemia 6 Related Diseases, Oct. 1975, Copenhagen, Denmark. Basel,
S. Karger AG, 1976 (In Press).

611. Rhim, J.S., Cho, H.Y., Kim, J. M. and Green, I.: Induction and
characterization of virus-free guinea pig tumors induced by Kirsten
sarcoma virus. J Natl Cancer Inst (In Press)

.

612. Bhim, O.S., Cho, H.Y-, Vernon, M.L., Arnstein, P., Huebner, B.J.,
Gilden, E.V. and Nelson-Rees, W.A.: Characterization of
non-producer human cells induced by Kirsten sarcoma virus. Int J
Cancer 16: dW-d'iS, 1975.

613. Rhim, J.S., Kim, C.H., Arnstein, P., Huebner, R.J., Weisburger, E.K.
and Nelson-Rees, W.A.: Transformation of human osteosarcoma cells
by a chemical carcinogen. J Natl Cancer Inst 55: 1291-1294, 1975.

611. Bhim, J. S. , Park, D.K., Arnstein, P., Huebner, R.J., Weisburger, E.K.
and Nelson-Rees, W.A.: Transformation of human cells in culture by
N-methyl-N'nitro-N-nitrosoguanidine. Nature 256: 751-753, 1975.

615. Bho, H. M., Grandgenett, D.P. and Green, B.: Seguence relatedness
between the subunits of avian myeloblastosis virus reverse
transcriptase. J Biol Chem 250: 5278-5280, 1975.

616. Rich, H.A., Das, M.R., Furmanski, P., McCormick, J. J. , HcGrath, C.H.,
Russo, J., Soule, H.D- and Brennan, M.J. : Studies on the role of
viruses in human breast cancer. 33rd Annu Prog Rev Conf of the
Breast Cancer Task Force Steering Committee, 1975 (Abstract) .

1204



617. Rich, a. A., Furmanski, P., HcGrath, C.H., HcCormick, J.J., Russo, J.

and Soule, H.D.: The etiology of breast cancer. Proc Symp on
Steroid Hormone Action and Cancer (In Press)

.

618. Hich, H.A., HcGrath, C. H., Russo, J.. Soule, H. D. and Voyles, B.A.:
Biological characteristics of MCF-7. Proc Breast Cancer Task Force
Conference, Harch 1976 (Abstract).

619. Bingold, G. , Blair, P. B., Bishop, J.M. and Varmus, B.E.-: Nucleotide
segoence hooologies asong mouse aamaary tumor viruses. Virology (In
Press) ^-

620. Ringold, G., Tamamoto, K. , Tomkins, G.R., Bishop, J. H. and Varmus,
H.S.: Dexamethasone-mediated induction of mouse mammary tumor virus
BNA: A system for studying glucocorticoid action. Cell 6: 299-305,
1975.

621. Eobert-Hobin, J., D'Auriol, L. and Emanoil-Eavicovitch, E. : Effect of
murine leukaemia virus age on its 8S ENA components. J Gen Virol 30:
1«9-152, 1976.

622. Boboz, J. P., Suzuki, E. and Bekesi, J.G.: Determination of
phospbonoacetic acid in body fluids by chemical ionization mass
fragmentography. Proc. 24th Annual Conf. Mass Spec, 1976
(Abstract).

623. Rose, B. D. and HcGrath, C.H.: Alpha-lactalbumin production in human
Bamnary carcinoma. Science 190: 673-675, 1975.

624. Bosen, J.H.: Purification and properties of casein messenger RNA
(mEHA) from the rat mammary gland. Tenth International Congress of
Biochemistry, July, 197 6 (Abstract).

625. Rosen, J. M- and Comstock, J. P.: Progesterone mediated inhibition of
casein synthesis in the midpregnant rat mammary gland. 58th Annual
Endocrine Society Meeting, June, 1976 (Abstract)

.

626. Bosen, J.M., HcHugh, J.E-, O'Neal, D.L. and Comstock, J.P. : Hormonal
regulation of casein synthesis in the rat mammary gland. ICN-OCLA
Symp on Molecular 6 Cellular Biology, 1976

627. Bothenberg, E. and Baltimore, D. : Synthesis of long, representative
DHA copies of the murine RNA tumor virus genome. J Virol 17:
168-174, 1975.

628. Boy-Burman, P. and Klement, V.: Derivation of mouse sarcoma virus
(Kirsten) by acquisition of genes from heterologous host. J Gen
Virol 28: 193-198, 1975.

629. Russo, J., Bradley, B. and Soule, H.D. : Dltrastructural study of
human mammary carcinoma cells {MCF-7) grown in collagen-coated
sponge. 33rd Annu Proc Electron Hicroscopy Soc of America, Aug.
1975, Las Vegas, Nevada, p 392-393 (Abstract).

630. Russo, J., Brennan, M.J. and Rich, H.A.: Induction of tumor growth by
inoculation of a human breast cancer cell (MCF-7) into ovary or
pituitary grafted nude mice. Proc Am Cancer Society, 1976
(Abstract) (In Press)

.

631. Busso, J., Furmanski, P., Bradley, E. , Wells, P. and Rich, M.A.

:

Differentiation of normal human mammary epithelial cells in culture:
An ultrastructural study. Am J Anat 145: p 57-77, 1976.

1205



632. Bosso, J., BcGrath, C.H., Russo, I. and Rich, H.a.: Tumoral growth of
a human breast cancer cell line (MCF-7) in athymic mice. In Proc
3rd Int Sjmp on Detection and Prevention of Cancer, April 1976, New
Xork (la Press).

633. Russo, J., Basso, I. and Wells, P.: Histochemical markers for
identifying cellular types in mouse mammary carcinoma. Proc 60th
FA3SB Anno Utg 1976, Anaheim, Ca. (In Press).

634. Russo, J., Soule, H.D., HcGrath, C.H. and Rich, W.A.: Re-expression
of the original tumor pattern by a human breast carcinoma cell line
(BCF-7) in sponge culture. J Natl Cancer Inst 56: 279-282, 1976.

I-

635. Rasso, 3. and Rells, P.: Na-t-K-i- dependent ATPase as a specific marker
for myoepithelial cells: Ultrastructural study. 33rd Annu Proc
Electron Bicroscopy Soc of America, Aug. 1975, Las Vegas, Nevada, p
a5«»-<»55.

635. Russo, J. and Hells, P. : Light microscopic localizations of
cytochemical reactions in epoxy embedded material for electron
microscopy. J Histochem Cytochem 23: 921-923, 1975.

637. SadOHski, J.B. and Rapp, F.: Inhibition by levamisole of metastases
by cells transformed by herpes simplex virus type 1. Proc Soc Exp
Biol Med 149: 219-222, 1975.

638. Seurkar, N.H. and Dion, A. S.: Polypeptides of the mouse mammary tumor
virus. I. Characterization of two group- specific antigens.
Virology 64: 471-491, 1975.

639. Sass, B., Babstein, L.S., Hadison, R., Nims, R.M., Peters, R.L. and
Kelloff, G.J.: Incidence of spontaneous neoplasms in F344 rats
throughout the natural life-span. J Natl Cancer Inst 54: 1449-1456,
1975.

640. Schaffer, P. A.: Temperature- sensitive mutants of herpesviruses. In
Current Topics in Hicrobiology and Immunology. Berlin,
Springer-Verlag, 1975, p 51-100.

641. Schaffer, P.A. , Bone, D.R. and Courtney, R.J.: DNA-negative
temperature-sensitive mutants of herpes simplex virus type 1:

Patterns of viral DMA synthesis following temperature shift-up. J
Virol (In Press)

.

642. Schaffer, P. A., Falk, L. A. and Deinhardt, F. : Attenuation of
Herpesvirus saimiri for marmosets after successive passage in cell
culture at 39 degrees C. J Natl Cancer Inst 55: 1243-1246, 1975.

643. Schaffhausen, B.S. and Benjamin, T.L.: Deficiency in histone
acetylation in non-transforming host range mutants of polyoma virus.
Proc Natl Acad Sci USA (In Press)

.

644. Schaller, J. P., Essex, H. , Olsen, E.G. and Yohn, D.S.: Feline
oncornavirus associated cell membrane antigen. V. Humoral immune
response to virus and cell membrane antigens in cats injected with
Gardner-Arastein feline sarcoma virus. J Natl Cancer Inst 55:
1373-1378, 1975.

645. Schaller, O.P., Milo, G.E., Blakeslee, J.R., Elliot, A., Olsen, R.G.
and Yohn, D. S. : Influence of glucocorticoid, estrogen and androgen
hormones on transformation of human cell in vitro by feline sarcoma
virus. Cancer Bes (In Press)

.

1206



/

646. Schaller, J. P. and Olsen, R.G.: DeteraiQation of subgroup specific
feline ODCornavirus neutralising antibody. Infection 6 Immunity 12:
1405-1410, 1975.

647. Scher, CD., Scolnick, E.M. and Siegler, B.: Induction of erythroid
leukemia by the Harvey and Kirsten sarcoma viruses. Nature 256:
225-227, 1975.

648. Schlesinger, M., Eekesi, J.G. and Holland, J.F. : Natural
autoantibodies cytotoxic to thymocyte in the sera of AKR mice: The
effect of spontaneous leukemias and chemotherapy on their
occurrence. In Proc 3rd Int Symp on Detection and Prevention of
Cancer, April 1976, New York (Abstract)

<

649. Schlom, J., Colcher, D., Drohan, w. , Kimball, P., Michalides, E. and
Schochetman, G.: Biochemical characterization of the mouse mammary
tumor viruses and related isolates: Mason-Pfizer virus and the
BudE-induced guinea pig virus. European Organization for Research
on Treatment of Cancer: First Breast Cancer Working Conference. New
York, Saven Press, 1976 (In Press).

650. Schlom, J., Colcher, D., Drohan, w. and Schochetman, G. : Nucleic acid
and protein studies of the Hason-Pfizer virus. In Clemensen, J. and
Yohn, D.S. (Ed.): Proc VII Int Symp on Comparative Besearch in
Leukemia 6 Related Diseases, Oct. 1975, Copenhagen, Denmark. Basel,
S. Karger AG, 1976 (In> Press).

651. Schlom, J., Colcher, D. , Michalides, R. , Schochetman, G. , Young, J.,
Spiegelman, S. and Feldman, S.: Biochemical evidence for a viral
involvement in human breast cancer. In Goxtlieb, A. A., Plescia, O.J.
and Bishop, D.H.L. (Ed.): Fundamental Aspects of Neoplasia. New
York, Springer- Verlag, 1975, Vol. 4, p 61-78.

652. Schlom, J., Schochetman, G., Michalides, R., Kimball, P., DrohiD, W.
and Colcher, D. : Characterization of the RNA genomes and proteins
of the mouse mammary tumor viruses, the Mason-Pfizer virusj and the
BudE-induced guinea pig virus. In Gallo, B.C. (Ed.): Molecular
Biology of Neoplasia: Current Focus of Cancer Besearch. (In Press).

f53.
Schneider, a.: Comparative epidemiological aspects of naturally
occurring malignant lymphoma in domestic cats and rhesus monkeys.
In Clemensen, J. and Yohn, D.S. (Ed.): Proc VII Int Symp on
Comparative Research in Leukemia & Related Diseases, Oct. 1975,
Copenhagen, Denmark. Basel, S. Karger AG, 1976 (In Press).

654. Schochetman, G., Kortright, K. and Schlom, J.: Hason-Pfizer monkey
virus: Analysis and localization of virion proteins and
glycoproteins. J Virol 16: 1208-1219, 1975.

655. Schultz, B.H., Chirigos, H.A., Mohr, S-J. and Woods, H. A. : Tumoricidal
effect in vitro of peritoneal macrophages from mice treated with
pyran copolymer. In Chirigos, H.A. (Ed.) : Modulation of Host Immune
Resistance in the Prevention or Treatment of Induced Neoplasia, Dec.
.1974. Fogarty Int Center Proceedings No. 28, 1976 (In Press).

656. Schultz, R.M., Woods, W.A. and Chirigos, M. A. : Detection in
colorectal carcinoma patients of antibody cytotoxic to established
cell strains derived from carcinoma of the human colon and rectum.
Int J Cancer 16(1): 1975.

657. Schultz, R-M., Hoods, H.A., Hohr, S.J. and Chirigos, M.A.: Immune
response of CD2F1 mice to a tumor allograft during pyran
copolymer-induced tumor enhancementr Cancer Res (In Press).

1207



658. Scolnick, E.H. and Bumgarner, S.J.: Isolation of infectious
xenotropic mouse type C virus by transfection of a heterologous cell
with DNA from a transformed mouse cell. J Virol 15: 12S3-1296,
1975.

659. Scolnick, E.H., Goldberg, R.J., Williams, D. and Parks, H.P.

:

Characterization of rat genetic seguences of Kirsten sarcoma virus:
k distinct class of endogenous rat type C viral sequences. J Virol
(In Press) .

660. Scolnick, E.B., Howk, R.S., inisowicz. A., Peebles, P.T., Scher, CD.
and Parks, H.P.: Separation of sarcoma virus-specific and leukemia
virus-specific genetic seguences of Moloney sarcoma virus. Proc
Katl icad Sci 0S& 72: aeSO-f^eSa, 1975.

661. Scolnick, E.M., Young, H.A. and Parks, H.P.: Biochemical and
physiological mechanisms in glucocorticoid hormone induction of
mouse mammary tumor virus. Virology 69: 148-156, 1976.

662. Seman, G. and Dmochowski, L. : Methods for electron microscopy of

viruses. In Busch, H. (Ed.) : Methods in Cancer Research. New Tork,
Academic Press, Inc., Vol. XII, 1975 (In Press).

663. Seman, G., Hunter, S.J., Lukeman, J.M. and Dmochowski, L.

:

Establishment of a cell line (SH-4) from pleural effusion of a
patient with melanoma. In Vitro 11: 205-211, 1975.

664. Seman, G. , Jardine, J.H., Raulston, G. L. and Dmochowski, L.:

Preliminary studies of two tissue culture cell lines derived from
dog mammary tumors. Annu Mtg Am Assn Cancer Hes SW Section, Dallas,
Tex, Nov. 1975, p 22 (Abstract).

665. Sen, A., Sherr, C.J. and Todaro, G.J.: Specific binding of the type C

viral core protein pi 2 with purified viral RNA. Cell 7: 21-32,
1976.

666. Sendo, P., Aoki, T. , Boyse, E.A. and Buafo, C.K.: Natural occurrence
of lymphocytes showing cytotoxic activity to BALB/c
radiation-induced leukemia 3Lo1 cells. J Natl Cancer Inst 55:
603-609, 1975.

667. Shaw, J.E., Huang, E.-S. and Pagano, J.S.: lodination of herpesvirus
nucleic acids. J Virol 16: 132-140, 1975.

668. Sheffield, J.B. and Daly, T.H.: Extrinsic labeling of MuMTV with a

galactose oxidase-tritiated borahydide method. Virology (In Press).

669. Sheffield, J.B., Zacharchuk, CM., Daly, T. H. , Taraschi, N. and Hoore,
D.H. : The effect of trypsin on the mouse mammary tumor virus. J
Cell Biol 67: 394a, 1975.

670. Shlomai, J., Asher, Y., Gordon, Y.J., Olshevsky, U- and Becker, I.:

Effect of zinc ions on the synthesis of herpes simplex virus DNA in
infected BSC-1 cells. Virology 66: 330-335, 1975.

671. Shlomai, J. and Becker, Y. : Analysis of herpes simplex virus DMA
synthesized in vitro in nuclei isolated from infected BSC-1 cells.
Virology 68: 27 5-279, 1975.

672. Shlomai, J., Friedmann, A. and Becker, Y.: Replicative intermediates
of herpes simplex virus DNi. Virology (In Press)

.

1208



673. Sigel, M.H., Epstein, R.S., Lopez, D.M. and Ortiz-Muniz, G. : A new
type of lymphocytes in spleens of mice bearing mammary tumors. Proc
60th PASEB Annu Ktg 1976, Anaheim, Ca.: 1976 (Abstract)

6Ti. Sigel, H.M. and Lopez, D.M.: Cytotoxic activation of mouse spleen
cells by soluble tumor antigens. Abstracts Annu Mtg Am Soc
Microbiology, nay 1976, Atlantic City, N.J. (Abstract).

675. Sigel, H.H., Lopez, B.H. and Ortiz-Muniz, G.: In vitro ifflmane

responses to viral and tumor antigens in murine breast cancer.
Cancer Res 36: U84-488, 1976.

676. Sigel, M.M., Lopez, D.M. and Ortiz-Muniz, G. : Migration inhibition
and blastogenic reactions with viral and tumor antigens in
transplantable maimnary tumor systems. Ann NY Acad Sci (In Press) .

677. Silberstein, H. and August, J.T. : Characterization of a virion
protein kinase as a virus-specified enzyme. J Biol Chem (In Press).

678. Silberstein, H. and August, J.T.: Purification and properties of a
virion protein kinase. J Biol Chem (In Press)

.

679. Simonds, J. A., Ebert, P.S., Graham, B-J. and Vande Woude, G.F. : The
effect of ' multiplicity of infection on the DNA species synthesized
in Herpesvirus saimiri. Bact Proc (In Press)

.

680. Simonds, J. A., Bobey, K.G., Graham, B.J., Oie, H.K. and Vande Houde,
G.F.: Purification of Herpesvirus saimiri and properties of the
viral DNA. Archives of Virology 49: 2'»9-259, 1975.

681. Simons, H.J., Chan, S.H., Ho, J.H.C., Chau, J.C.W., Day, N.£. and De
The, G.: A Singapore-2 associated LD antigen in Chinese patients
with nasopharyngeal carcinoma. In Histocompatibility Testing.
Copenhagen, Munksgaard, 1975 (In Press).

682. Simons, H.J. and Day, N.E.: HLA patterns and NPC. In Henderson, B.E.
(Ed.) : Proc Symp on Epidemiology and Cancer Hegistries in the
Pacific Basin, Maui, Hawaii, Nov. 1975. Los Angeles, Ca., USC Press
(In Press)

.

663. Simons, H.J., Day, N.E., Wee, G.B., Chan, S.H., Shanmugaratnam, K. and
De The, G.: Immunogenetic aspects of nasopharyngeal carcinoma (NPC)
III - HL-A type as a genetic marker of NPC predisposition to test

^

the hypothesis that EBV is an aetiologic factor in NPC. In De The,
G., Epstein, li.k. and Zur Hausen, H. (Ed.): Oncogenesis and
Herpesviruses II- Proc 2nd Int Symp on Oncogenesis and
Herpesviruses, Oct. 1974, Nuremberg, Germany. Lyon, France, lAEC
Sci Pub No. 11, 1975. Part, 2, p 249-258.

684. Simons, M.J., Wee, G.B., Goh, E.H., Chan, S.H., Shanmugaratnam, K.,
Day, N. E. and De The, G. : Immunogenetic aspects of nasopharyngeal
carcinoma (NEC) : IV. Increased risk in Chinese for NPC associated
with a Chinese-related HLA profile (A2, Sin2) . J Natl Cancer Inst
(In Press) .

685. Simons, M.J-, Hee, G.B., Singh, D., Dharmalingam, S., Yong, N.K.,
Chau, J.C.H., Ho, J.H.C., Day, N.E. and De The", G. : iDmunogene.tic
aspects of nasopharyngeal carcinoma (NPC) : V. Confirmation o'f a
Chinese -related HLA profile (A2, Singapore 2) associated with an
increased risk in Chinese for NPC. In Henderson, B.E. (Ed.): Proc
Symp on Epidemiology and Cancer Registries in the Pacific Basin,
Maui, Hawaii, Nov. 1975. Los Angeles, Ca., OSC Press (In Press).

1209



686. Singh, H., Singh, V.N., Aagust, J.T. and Horecker, B.L.: Changes in V
activities of key enzymes of glucose metabolism in chick-embryo ^
fibroblasts during growth. Journal de Microscopic et de Biologie
Cellulaire (In Press) .

687. Sinkovics, J.G., Kay, H.D. and Thota, H. : The evaluation of
chetnoimmonotherapy regimens by in vitro lymphocyte cytotoxicity
directed to cultured human tumor cells. Bibliotheca Uaematologica.
New York, S. Karger (In Press). M

688. Skelly, J., Gacto, H., Steiner, H.R. and Steiner, S. : Preliminary ^
evidence for novel f ucose-containing lipids in normal and murine
sarcoma virus- transformed rat cells. Biochem Biopbys Res Coma (In

Press)

.

689. Smith, E.J. , Stephenson, J.B., Crittenden, L. B. and Aaronson, S.A.:
Avian leukosis-sarcoma virus gene expression: Noncoordinate control
of group specific antigens in virus negative avian cells. ?irology
(In Press)

.

690. Smith, G.C-, Helmke, fi.J., Heberling, B.L., Barker, S.T. and Kalter,
S.S.: Oncornavirus-like particles in baboon type-C virus infected
chimpanzee lung cells (SFHE:CL-1). J Natl Cancer Inst (In Press).

691. Smith, G.C., Kalter, S.S., Heberling, R. L. and Helmke, E.J.: Particles
resembling mouse hepatitis virus in nude mouse uterus. J Virol (In

Press)

.

692- Smith, G.C., Kalter, S.S. and Helmke, R.J.: Electron microscopic
observation of mouse hepatitis virus in nude mouse uterus. Tex Rep J
Biol Bed 33: 32, 1975 (Abstract) . ^

693. Smith, H.S., Hackett, A.J., Springer, E.L. and Biggs, J.L. : Studies of
morphologic transformation of BALB/3T3 derived clones by murine
leukemia virus. J Virol 17(1): 269-274, 1976.

694. Smith, H.S., Owens, H.B., Hiller, A. J., Nelson-Bees, H.A. and
Johnston, J.O.: The biology of human cells in tissue culture I:

Characterization of cells derived from osteogenic sarcomas. Int J

Cancer (In Press) .

695. Smith, M.E., Campbell, H. F. , Farrow, W.M. and Frankel, J.W.:
Enhancement and interference in chickens inoculated with Marek's
disease herpesvirus and oncornaviruses. Proc Soc Exp Biol Hed 150:
574-577, 1975.

696. Smith, P.G., Pike, M.C., Till, M.H. and Hardistry, B.H.: Epidemiology
of childhood leukemia in greater London: A search for evidence of
transmission assuming a possibly long latent period. Br J Cancer
(In Press)

.

697. Socher, S.H.: Chromatin transcription during rat mammary gland \
development. XV Annu Btg Am Soc Cell Biol, San Juan, Puerto Bico,
Nov. 1975 (Abstract).

698. Socher, S.H. and Eosen, J.M. : Effects of hormones on the
transcription of casein messenger BNA (mRNA) in normal and
neoplastic oammary tissue. 58th Annual Endocrine Society deeting,
June, 1976 (Abstract)

.

.

699. Sottong, P., Harris, R., Graham, B. , Bupp, R. , Bell, C. , Conlon, T. "
and Kleckec, J.: Purification of herpesvirus nucleocapsids by
fluorocarbcn extraction. J Virol (In Press).

1210



700. Sottong, P., Rankin, C.T., Kramarsky, B. , Harris, E. , Bell, C,
Klecker, J. and Vande Uoude, G.F.: Purification of herpes virases
on renografin gradients. J Virol (In Press).

701. Sottoag, P., Hoo, J., Sarma, P.S. and Vaituzis, Z.: Partial
characterization of C-type particles in a cell line (MB-9) derived
froB a rat epidermoid carcinoma of spontaneous origin. Cancer Ses
35: 2864-2870, 1975-

702. Soule, H.D., HcGrath, C.N., Long, A. and Rich, H. A. : Hormonal
stimalaticm of an HuHTV-related antigen in a human breast carcinoma
cell line, MCF-7. Proc Am Assoc for Cancer Res, May 1976, Toronto,
Canada, Vol. 17, March 1976 (Abstract).

703. Spahn, G.J., Kmetz, M.3. and Selby, C. E. : Bioha-zards associated with
a liquid nitrogen reservoir. In Proc 18th Biological Safety Conf

,

Lexington, Ky., Oct. 1975.

704. Spahn, G.J. , Kmetz, H.E. and Haters, P.J.: Effect of ultraviolet
irradiation on Eauscher leukemia virus. In Proc 18th Biological
Safety Conf, Lexington, Ky., Oct. 1975.

705. Spiegelman, S.: The search for viruses in human cancer. In Eichards,
H.A. (Ed.).: Proc Am Philosophical Soc Symp, Philadelphia, 'Pa. (In
Press) .

706. Spiegelman, S. : Molecular virology of cancer. Proc Intl Assoc for
the Promotion of Clinical and Experimental Research in Medicine,
Vienna, Oct. 197U (In Press)

.

707. Spiegelman, S.: Viruses and human cancer. In Brown, E.B. (Ed.)

:

Progress in Hematology. 1976, Vol. IX, p 305-330.

708. Spiegelman, S.: Molecular approach to the etiology of human cancer.
Pure Appl Chem (In Press) .

709. Spiegelman, S.: The etiology of human cancer viewed as a problem in
molecular genetics. In: Biological Signals. Sweden, Royal
Physiographical Society of Lund, Sweden. (In Press)

.

710. Spiegelman, S. : Genes, viruses and human cancer: A molecular
approach. In Miller, I.E. (Ed.) : Stability and Origin of Biological
Information. First Aharon Katzir-Katchalski Conference, Eehovot,
Israel. Hew York, John Wylie & Sons, 1975, p 123-172.

711. Spiegelman, S.: Evidence for viruses in human neoplasias. Hematology
(In Press)

.

712. Spiegelman, S., Axel, B., Baxt, H. , Kufe, D. and Schlom, J.: The
molecular genetics of human cancer and its etiologic implications.
Genetics 79: 317-338, 1975.

713. Spiegelman, S., Mills, D.B. and Kramer, F.R.: The extracellular
evolution of structure in replicating RNA molecules. In Miller,
I.E. (Ed.): Stability and Origin of Biological Information. First
Aharon Katzir-Katchalski Conference, Eehovot, Israel, New York, John
Hylie & Sons, 1975, p 1-25.

71U. Springer, E.L., Hackett, A.J. and Byers, V.S.: Scanning and
transmission electron microscopy of human T cell mediated cytolysis.
In: Critical Factors in Cancer Immunology. VII Annu Miami Winter
Symposium, Vol. 10, p 337, 1975.

1211



715. Springer, E.L., Hackett, A.J. and Nelson-Rees, H.A.: Dynamics of
lamelloplasm formation during cell attachment to the growth surface,
Int J Cancer (In Press) .

716. Springers E.L., Hackett, A.J. and Kelson-Bees, H.A. : Alteration of
the cell membrane architecture during suspension and monolayer
culturing. Int J Cancer (In Press).

717. Springer, E.L., Owens, E. B., Hackett, A.J.: Electron microscopy of i

domes in cultures of human mammary carcinoma. XV Annu Htg Am Soc
Cell Biol, San Juan, Puerto Rico, Hov. 1975 (Abstract).

716. Springer, E.L., Biggs, J.L. and Hackett, A.J.: Scanning electron
micrographs. In Histreich, G.A. (Ed.): Concepts in Biology. New
York, Glencoe Press (In Press)

.

719. Springer, E.L. and Both, I.L. : Freeze Etch Hicrographs. In
Sutherland, I.H. (Ed.): Bacterial Ezopolysaccharides. New York,
Academic Press (In Press) .

720. St. Jeor, S.C. and Heisser, A.: Interaction between human
cytomegalovirus and peripheral leukocytes. Abstracts Annu Htg An
Soc nicrobiology. Hay 1976, Atlantic City, N.J. (Abstract) (In
Press)

.

721. Stehelin, D., Guntaka, B. v., Varmus, H.E. and Bishop, J.H.:
Purification of DNA complementary to nucleotide sequences reguired
for neoplastic transformation of fibroblasts by avian sarcoma
viruses. J Mol Biol 10 1: 1976.

722. Stehelin, D. , Varmus, H.E., Bishop, J.M. and Vogt, P.K.: DNA related
to the transforming gene(s) of avian sarcoma viruses is present, in
normal avian cells. Nature (In Press)

.

723- Steiner, S. and Steiner, M.B.: Fucolipid patterns of highly and
weakly tumorigenic simian virus UO- and herpes simplex
virus-trcinsformed cell lines. Intervirology (In Press) .

72U. Stephens, B-, Traul, K. , Hoolf, D. and Gaudreau, P.: Studies of
Epstein-Barr virus antigens using immunoperoxidase and
immunofluorescence techniques. 33rd Annu Proc Electron Microscopy
Soc of America, Aug, 1975, Las Vegas, Nevada.

725. Stephenson, J.E. and Aaronson, S.A-: Search for antigens and
antibodies cross-reactive with type C viruses of the woolly monkey
and gibbon ape in animal models and in humans. Proc Natl Acad Sci
OSA (In Press) .

726. Stephenson, J.E. and Aaronson, S.A. : Induction of an endogenous
B-tropic type C RNA virus from SHR/J mouse embryo cells in tissue
culture. Virology (In Press).

727. Stephenson, J.R., Reynolds, R.K. and Aaronson, S.A.: Comparison of
the immunologic properties of two structural polypeptides of type C
RNA viruses endogenous to old world monkeys. J Virol 17: 374-384,
1976.

728. Stephenson, J.R., Reynolds, R.K., Tronick, S.R. and Aaronson, S.ft.:
Distribution of three classes of endogenous type C RNA viruses among
inbred strains of mice. Virology 67: 404-414, 1975.

|

1212

#



729. Stephenson, J.K., Smith, E.J., Crittenden, L. B. and Aaronson, S.A.:
Analysis of antigenic determinants of structural polypeptides of
avian type C RNA tumor viruses. J Tirol 16: 27-33, 1975.

730. Stephenson, J.B. , Tronick, S.B. and Aaronson, S.A.: Murine leukemia
virus mutants with temperature-sensitive defects in precursor
polypeptide cleavage. Cell 6: 5'»3-5'»8, 1975.

731. Stephenson, J.R., Tronick, S.R. and Aaronson, S.A.: Physiologic and
genetic analysis of temperature-sensative mutants of murine leukemia
virus. 3rd Int Congress for Virology, Madrid, Spain, Sept. 1975, p
112 (Abstract)

732. Strand, M. and August, J.T.: Protein homology of mammalian ENA tumor
viruses. In Zhdanov, V.H. (Ed.) : Cancer and Leukemia Viruses. Proc
of Biology of Oncogenic Viruses of Animals and Han, 1975 (In Press).

733. Strand, H. and August, J.T.: Structural proteins of ribonucleic acid
tumor viruses: Purification of envelope, core and internal
components. J Biol Chem 251: 559-664, 1976.

734. Strcind, H. and August, J. T. : Structural proteins of mammalian RNA
tumor viruses: Eelatedness of the interspecies antigen determinants
of the major internal protein. J Virol 15: 1332-1341, 1975.

735. Strand, H., August, J.T. and Croce, C. : Oncornavirus genetic
expression: Murine virus gene induction by human cell chromosomes.
In Clemensen, J. and Yohn, D.S. (Ed.) : Proc VII Int Symp on
Compaxative Research in Leukemia S Belated Diseases, Oct. 1975,
Copenhagen, Denmark. Basel, S. Karger AG, 1976 (In Press).

736. Strand, M., August, J.T. and Croce, C. : Selective induction of murine
oncornavirus gene expression in somatic cell hybrids between mouse
peritoneal macrophages and SV-40-transforined human cells. Virology
(In Press) .

737. Strand, M. , Bilello, J. A., Shapiro, S.Z. and August, J.T.: Genetic
expression of mammalian BNA tumor viruses. Abstracts Anna Mtg Am
Sbc Microbiology, May 1976, Atlantic City, N.J.

738. Strickland, J.E., Fowler, A.K. and Bellman, A.: Comparison of
RNA-directed DNA polymerases from xenotropic and ecotropic viruses.
Biochem Biophys Bes Comm 65: 1123-1129, 1975.

739. Strnad, B.C. and Aurelian, L. : Tentative identification of the
cervical tumor associated antigen, AG-4, as an HSV-2 virion protein.
Abstracts Annu Mtg Am Soc Microbiology, Bay 1976, Atlantic City,
N.J. (Abstract).

740. Strnad, B.C. and Aurelian, L. : Proteins of herpesvirus type 2: I.
Virion, nonvirion and antigenic polypeptides in infected cells.
Virology (In Press)

.

741. Stulberg, C.S., Peterson, H.D., Jr. and Simpson, W.F.: Identification
of cells in culture. Am J Hematology (In Press)

.

742. Stulberg, C.S. and Simpson, H.P.: A reliable and rapid procedure for
development of human fibroblastic cell strains. Tissue Culture
Assoc Manual (In Press)

.

1213



7U3. Son, N.C., Chang, C.C. and Chu, E.H.I. : A rapid electrophoretic
technique for human and Chinese hamster galactokinase. Humangenetik
29: 351-353, 1975.

7Uft. Sveda, B.M., Fields, B.K. and Soeiro, B.: Fate of input virion RHA -

biological studies. J Virol (In Press).

745. Taleasugi, N. , Alcira, D. and Kinoshita, K. : Granulocytes as effectors
in cell-mediated cytotoxicity of adherent target cells. Cancer Res
35: 2169-2176, 1975.

746. Takasugi, H., Akira, D. and nickey, H.R.: Specific and nonspecific |
effects in cell-mediated lympholysis- In Kissmeyer-Nielsen, F.
(£d.) : Histocompatibility Testing 1975. Copenhagen, Hunksgaard,
1976, p 295-302.

747. Takasugi, H. and Hickey, M.R.: Interaction analysis of selective and
nonselective cell -mediated cytotoxicity. J Katl Cancer Inst (In
Press)

.

748. Takeichi, K. and Boone, C. H.: Local adoptive transfer of the
anti-tumor cellular immune response in syngeneic and allogeneic mice
studied vith a rapid radioisotopic footpaa assay. J Natl Cancer Inst
55: 183-187, 1975.

749. Takeichi, N. , Econonou, C.K. and Boone, C.H.: Local adoptive transfer
of anti-tuDor cellular immunity to xenogeneic animals studied with a
radioisotopic footpad assay. J Natl Cancer Inst (In Press)

.

750. Takeichi, N., Economou, C.K. and Boone, C.H.: Accelerated
regeneration of trypsin-treated surface antigens of SVUO transformed
BALB 3T3 cells induced by X-irradiation. Cancer Res 36: 1258-1262,
1976.

m

€
751. Tamerius, J., Hellstrom, I. and Hellstrom, K.E.: Evidence that

blocking factors in the sera of multiparous mice are associated with
immunoglobulins. Int J Cancer 16: 456-464, 1975.

752. Tamerius, J., Nepom, J.T., Hellstrom, I. and Hellstrom, K. E. : Tumor
associated blocking factors: Isolation from sera of tumor-bearing
mice. J Immunol (In Press).

753. Tanaka, A. and Nonoyama, M.: Latent genomes of Epstein-Barr virus. In
De The", G., Epstein, B.A. and Zur Hausen, H. (Ed.): Oncogenesis and
Herpesviruses II. Proc 2nd Int Symp on Oncogenesis and
Herpesviruses, Oct- 1974, Nuremberg, Germany. Lyon, France, lABC
Sci Pub No. 11, 1975. Part 1, p 133-137.

754. Tanaka, A., Nonoyama, H. and Hampar, B. : Partial elimination of
latent Epstein-Barr virus genomes from virus producing cells by
cydoheximide. Virology (In Press) .

735. Tavitian, A., Larsen, C.J. and Boiron, H.: Seguences detected in the i

ENA of human leukemic cells by the c-DNA probes. In Neth, R. (Ed.) :|

Modern Trends in Human Leukemias II. New York, New York, Grune and
Stratton, 1975 (In Press).

756. Taylor, B.A., Bailey, D.M., Cherry, H. , Riblet, R- and Weigert, H.

:

Genes for immunoglobulin heavy chain and serum prealbumin are linked
in mouse. Nature 256: 644-646, 1975.

757. Taylor, B.A. and Meier, H. : Mapping the adrenal lipid depletion gene 4
of the AKR/J mouse strain. Genet Res (In Press) "

1214



Tennant, S.W.: Inhibition of murine RNA tumor virus expression and
tumorigenesis by polyadenylic acids. Natl Cancer Inst Monogr (In
Press)

Tennant, "H. W. , otten, J. A., Quarles, J.M., Yang, «.K. and Brown, &.:
Cellular factors which regulate radiation activation and restriction
of mouse leukemia viruses. In Yuhas, J.H., Tennant, S.W. and Regan,
J. D. (Ed.): Biology of Radiation Carcinogenesis. New York, Raven
Press (In Press) .

Terrell, T.B., Gribble, D. H. and Osburn, B. I. : Spontaneous malignant
lymphoma in non-human primates: A morphologic study of 43 cases.
Laboratory Investigation 32(3): 21, 1975 (Abstract).

Todaro, G.J. : Evolution and modes of transmission of RNA tumor
viruses. An J Pathology (In Press)

.

Todaro, G.J.: Type C virogenes: Genetic transfer and interspecies
transfer. La Ricerca Clin Lab 5: 191-195, 1975.

Todaro, G.J-, Lieber, U.K., Benveniste, R.E., Sherr, C.J., Gibbs, C.J.
and Gajdusek, D.C.: Infectious primate type C viruses: Three
isolates belonging to a new subgroup from the brains of normal
gibbons. Virology 67: 335-343, 1975.

Traul, K. , Larson, D.L., Stephens, R., Holff, J., Munch, K. and
Bayyasi, S.: New method for the removal of extraneous proteins from
purified oncornaviruses. J Clin Hicrobiol 2(3): 253-260, 1975.

Traul, K. and Mayyasi, S.: Large-scale production of Epstein-Barr
virus. In: Epstein-Barr Virus Production Concentration and
Purification. International Agency for Research on Cancer, Internal
Technical Report No. 75 003 (prepared by D.V. Ablashi, H.G.
Aaslestad and G. de The). Ly.on, France, lARC, 1976, p 81-98, 1975.

Tronick, S.H., Stephenson, J.R., Verma, I.M. and Aaronson, S.A.: A
thermolabile reverse transcriptase of a mammalian leukemia virus
mutant temperature sensitive in its replication and sarcoma virus
helper functions. J Virol 16: 1560-1565, 1975.

Tsuchida, N., Gilden, R.V. and Hatanaka, M. : Size of virus-specific
BNA in B-34, a hamster tumor cell producing nucleic acids of type C
viruses from three species. J Virol 16: 832-837, 1975.

Twardzik, D.R., Aaslestad, H. G. , Ablashi, D.V., Tureckova, M.I.,
Gravell, M. and Levine, P. H. : Comparison of DNA polymerase
activities from an American Burkitt' s lymphoma cell line and EBV
producer and nonproducer cells. In De The", G. , Epstein, M.A. and
Zur Hansen, H. (Ed.) : Oncogenesis and Herpesviruses II. Proc 2nd
Int Symp on Oncogenesis and Herpesviruses, Oct. 1974, Nuremberg,
Germany. Lyon, France, lARC Sci Pub No. 11, 1975. Part 1, p
237-243.

Twardzik, D.R., Ablashi, D.T., Easton, J. M. and Armstrong, G.B.

:

Soluble complement fixing antigens in Epstein-Barr virus cell
systems. In Clemensen, J. and Yohn , D.S. (Ed.): Proc VII Int Symp
on Comparative Research in Leukemia S Related Diseases, Oct. 1975,
Copenhagen, Denmark. Basel, s. Karger AG, 1976 (In Press).

1215



770. Twardzik, D.R., Armstrong, G.fi. and Ablashi, D.V.: Multiple soluble ^Ks
complement fixing antigens in an Epstein-Barr virus (EBV) -producing ^mi!'
cell line. In: Epstein-Barr Virus Production Concentration and ^^'

Purification. International Agency for Research on Cancer, Internal
Technical Report No. 75 003 (prepared by D.V. Ablashi, H.G.
Aaslestad and G. de The). Lyon, Prance, lABC, 1976, p 2U5-256.

771. Twardzik, D.E., Luetzeler, J. and Ablashi, D. V. : Activation of DMA
polymerase 1 from non-human primate cell culture by
p-chloromercuribenzoate. IRCS Hedical Science, United Kingdom 3: ^V
229, 1975. ^

772. Valsanis, M.P., levine, P.H., Rapin, I., Santorineou, H.. and Shulman,
K.: Primary intracranial Burkitt's lymphoma in an infant. Cancer
(In Press)

.

773. Tan Blitterswi jk, H.J., Emmelot, P., Hilgers, J., Kamlag, D., Nusse,
B. and Feltkamp, C. A. : Quantitation of virus-induced (MLr) and
normal (Thy. 1.2) cell surface antigens in isolated plasma membremes
and the extracellular ascites fluid of mouse leukemia cells. Cancer
Res 35: 27^43-2751, 1975.

77^. Van Nie, R. and Hilgers, J.: Genetic analysis of mammary tumor
induction and expression of mammary tumor virus antigen in
hormone-treated ovariectomized GB Mice. J Natl Cancer Inst 89:
1976.

775. Varmus, H.E. , Heasley, S. , Linn, J. and Wheeler, K. : Dse of alkaline
sucrose gradients in a zonal rotor to detect integrated and
unintegrated avian sarcoma virus-specific DWA in cells. J Virol (In

Press)

.

776. Varmus, H.E. and Shank, P.: Onintegrated viral DNA is synthesized in
the cytoplasm of avian sarcoma virus transformed duck cells by viral
DKA polymerase. J Virol (In Press) .

777. Verma, I.H. eind Hunter, E. : Reverse transcriptase is coded by the
viral BNA. In Clemensen, J. and Yohn, D.S. (Ed.): Proc VII Int Symp
on Comparative Research in Leukemia & Related Diseases, Oct. 1975,
Copenhagen, Denmark. Basel, S. Karger AG, 1976 (In Press)

.

778. Vernon, H.L. and Price, P.J. : The finding of virus-like particles in
geometric tubuloreticular structures (GTRS) . J Natl Cancer Inst (In

Press)

.

779. Verstraeten, A. A., Van Nie, R., Kwa, H.G. and Hageman, Ph. C.

:

Quantitative estimation of mouse mammary tumor virus (MTV) antigens
by radioimmunoassay. Int J Cancer 15: 270-281, 1975.

780. Viola, M.V., Frazier, M., white, L., Brody, J. and Spiegelman, S.:
RNA-instructed DNA polymerase activity in a cytoplasmic particulate
fraction in brains from Guamanian patients. J Exp Med 142: 483-494,
1975.

781. Viola, B.V., Frazier, M., Wiernik, P., McCredie, K.B. and Spiegelman,
S-: Reverse transciptase in leukocytes of leukemic patients in
remission. N Engl J fled 294: 75-80, 1976.

f

f

782. Vlahakis, G. and Chopra, H.C. : Comparison of two milk-borne mammary
tumor viruses of European origin in strain C57BL. X Mtg on Mammary
Cancer in Experimental Animals and Man, March 1976, Nara-Ken, Japan
(Abstract) .

1216

i



783. Vogt, P.K.: SNA tumor viruses 1975- In Fenoglio, CM. and King, D.H.
(Ed.) : Advances in Pathobiology 4: Cancer Biology II, Etiology and
Therapy. New York, Stratton Intercontinental Medical Book
Corporation, 1976 (In Press).

78'*. Vogt, P.K. : The Oncovirinae: A definition of the group. In: HHO on
Comparative Virology (In Press) .

785. Vogt, P.K. and Duesberg, P.H.: Eleirentary aspects of RHA tumor virus
genetics. In Bucalossi, P., Veronesi, U. and Cascinelli, N. (Ed.):
Chemical and Viral Oncogenesis. Proc XI Int Cancer Congress,
Ploifence, 1974. New York, American Elsevier Publishing Co., 1975, p
220-225.

786. Naite, H.B.F. and Allen, P.Ti: ENA-directed DNA polymerase activity
of reticuloendotheliosis virus: Characterization of the endogenous
and exogenous reactions. J Virol 16: 872-879, 1975.

787. Wallen, W.C., Neubauer, R.H. and Rabin, H. : Evidence for suppressor
cell activity associated with induction of Herpesvirus
seiimiri-induced lymphoma. Clin Exp Immunol 22: 468-472, 1975.

788. Sallen, B.C., Pearson, G.B. , Prevost, J-M., Neubauer, R.H. and Rabin,
H. : Correspondence between T-cell suppression and ADLC titers
during Herpesvirus saimiri (HVS) infection in owl monkeys. In
Clemensen, J. and Yohn, D.S. (Ed-): Proc VII Int Symp on Comparative
Research in Leukemia 6 Related Diseases, Oct. 1975, Copenhagen,
Denmark. Basel, S. Karger AG, 1976 (In Press).

789. Hang, L.-H., Duesberg, P.H., Beemon, K. and Vogt, P.K.: Happing RNase
Tl-resistant oligonucleotides of avian tumor virus RNAs:
Sarcoma-specific oligonucleotides are near the poly (A) end and
oligonucleotides common to sarcoma and transformation-defective
viruses are at the poly (A) end. J Virol 16: 1051-1070, 1975.

790. Hang, L.-H., Duesberg, P. H., Kawai, S,. and Hanafusa, H.: Location of
envelope-specific and other sequences on the ENA of Schmidt-Huppin
Rous sarcoma virus. In Clemensen, J, and Yohn, D.S. (Ed.): Proc VII
Int Symp on Comparative Research in Leukemia S Related Diseases,
Oct. 1975, Copenhagen, Denmark. Basel, S. Karger AG, 1976 (In
Press) .

791. Hang, L.-H., Duesberg, P.H., Kawai, S. and Hanafusa, H. : The location
of envelope-specific and sarcoma- specific oligonucleotides on the
RNA of Schmidt-Euppin Rous sarcoma virus. Proc Natl Acad Sci OSA
(In Press)

.

792. Hang, L.-H., Duesberg, P. H., Mellon, P. and Vogt, P.K.: Distribution
of envelope specific and sarcoma specific nucleotide seguences from
different parents in the RNAs of avian tumor virus recombinants.
Proc Natl Acad Sci USA (In Press)

.

793. Hard, J.M., Houchens, D.P., Collins, M.J., Jr., Young, D.H. and
Keagan, R.L. : Naturally-occurring Sendai virus infection of athymic
nude mice. Vet Pathology 12 (In Press)

.

Haters, L-C, Mullin, B.C., Bailiff, E.G. and Popp, B.A. : tBNA's
associated with the 70S RNA of avian myeloblastosis virus. J Virol
16: 1608-1614, 1975.

1217



795. Haters, L.C., Hullin, B.C., Ho, T. and Yang, W.K.: The ability of
tryptophan tRNA to hybridize with AHV 35S BNA and to prime reverse
transcription in vitro. Proc Natl Acad Sci USA 72: 2155-2159, 1975.

796. Haters, L.C., Yang, H.K., Hullin, B.C. and Nichols, J.L.: Purification
of tryptophan tENA from chick cells and its identity with "spot 1"
BNA of fious sarcoma virus. J Biol Chem 250: 6627-6629, 1975.

797. Heiss, B. , Gnlati, S., Barter, D.H., Sweet, R.W. and Spiegelman, S.: (

Onigue viral-related DNA sequences in sheep progressive pneumonia
lung. J Gen Virol 29: 337-339, 1976.

798. Heiss, B., Crittenden, L. B, Purchase, H. and Vogt, P. K. : Genetic
control and oncogenicity of endogenous and exogenous avian RNA tumor
viruses. In Bucalossi, P., Veronesi, U. and Cascinelli, N. (£d.)

:

Chemical and Viral Oncogenesis. Proc XI Int Cancer Congress,
Florence, 1974. New York, American Elsevier Publishing Co., 1975, p
248-253.

799. Heliky, H.: Reflections on some aspects of the chemistry in
immunocheKistry . Immunochemistry 12: 485-489, 1975.

800. Heliky, N., Leaman, D.H., Jr. and Kallman, B. J. : Differences between
soluble complement-fixing antigens derived from P3HR-1, RAJI and
ek-Ly-28 cell lines. J Natl Cancer Inst 54: 593-596, 1975.

801. Heliky, N. , Leaman, D.H., Jr. and Kallman, B.J.: A simple improved
method for gel electrophoretic elution and concentration. Analy
Biochen 67: 507-514, 1975.

802. Heliky, N., Leaman, D.H., Jr. and Kallman, B.J. : Stability and
dissociation of P3HS-1 Burkitt's lymphoma soluble complement fixing
antigen identified with human serum. Cancer Res 35: 1580-1585,
1975.

803. Heliky, N., Leaman, D.R., Jr. and Kallman, B.J.: Purification of
soluble complement-fixing antigens from two Burkitt's lymphoma cell
lines. Conditions affecting the stability and recovery of antigens
and antibodies. Immunology 29: 779-790, 1975.

804. Hestall, C, Thompson, M. and Kalter, S.S. : The proposed seguence of
the encephalitogenic protein from chimpanzee brain. Life Sciences
17: 219-224, 1975.

805. Hestmoreland, D. and Rapp, F. : Host range temperature sensitive
mutants of herpes simplex virus type 2. J Virol (In Press).

806. Hestmoreland, D. and Rapp, F.: Cell transformation by DNA-containing
viruses. Biochim Biophys Acta (In Press)

.

807. Hestmoreland, D., St. Jeor, S. C. and Rapp, F. : The development by
cytomegalovirus-infected cells of binding affinity for normal human
immunoglobulin, j Immunol (In Press).

808. Hitking, S., Ohno, T. and Spiegelman, S.: Purification of
RNA-instructed DNA polymerase from human leukemic spleens. Proc
Natl Acad Sci USA 72: 4133-4136, 1975.

809. Hold, H.S.M. and Green, M.: Regulation of gene expression during i

productive infection by adenovirus 2. 3rd Int Congress for
'

Virology, Madrid, Spain, Sept. 1975 (Abstract).

1218



810. Hold, H.S.H. and Green, H.: Adenovirus 2 genome expression and
messenger BNA maturation at early and late stages of productive
infection. Sixth Tumor Virus Meeting, Cold Spring Harbor, Neu York,
Aug. 1975 (Abstract) .

811. Bold, W.S.H., Green, H. and Buttner, H.: The Adenoviruses. In Kayak,
D.P. (£d.): Molecular Biology of Animal Viruses. Nev York, Harcel
Dekker, Imc. (In Press).

812. Hold, H.S.a., Green, M. and Munns, T. H. : Methylation of late
adenovirus 2 nuclear and messenger BNA. Biochem Biophys Bes Comm
(In Press) .

813. Holfe, I.G., Deinhardt, F., Ogden, J.D., Adams, M.B. and Fisher, L. E.

:

fieproduction of wild-caught and laboratory-born marmoset species
used in biomedical research (Saguinus sp., Callithrix jacchus) . Lab
AniB Sci 25: 802-813, 1975.

SI*. Holfe, B.H., Harrison, B. M. and Hartin, T.H.: A review of
reproductive patterns in New World monkeys. Lab Anim Sci 25: 14-21,
1975.

815. Hong-Staal, F., Eeitz, M.S., Jr., Trainor, CD. and Gallo, B.C.:
Murine intracisternal type A particles: A biochemical
characterization. J Virol 16: 887-896, 1975.

816. Hoods, H.A., Papas, T. S. and Chirigos, H. A. : The effect of levamisole
on in vitro parameters of the immune response. In chirigos, M.A.
(Ed.): Modulation oi Host Immune Resistance in. the Prevention or
Treatment of Induced Neoplasia, Dec. 197U. Fogarty Int Center
Proceedings No. 28, 1976 (In Press).

817. Hright, J., Falk, L.A. and Deinhardt, F.: Appearance of Epstein-Barr
virus nuclear antigen (EBNA) in human cord blood lymphocytes. In De
Th^, G. , Epstein, M.A. and Zur Hansen, H. (£d.) : Oncogenesis and
Herpesviruses II. Proc 2nd Int Symp on Oncogenesis and
Herpesviruses, Oct. 1974, Nuremberg, Germany. Lyon, France, lAHC
Sci Pub Ho. 11, 1975. Part 1, p 409-414.

818. Hright, P. J., Bernhardt, G- , Major, E. 0. and Di Mayorca, G.

:

Comparison of the serology, transforming ability and polypeptide
composition of human papovaviruses isolated from urine. J Virol (In
Press)

.

819. Hu, A.M.: The biochemical life cycle of type C RNA tumor viruses. In
Gallo, B.C. (Ed.): Recent Advances in Cancer Research: Cell Biology,
Molecular Biology and Tumor Virology. CRC Press, Inc. (In Press).

820. Hu, A.M. and Gallo, B.C.: The phenotypic abnormality in leukemia: A
defective cell-factor interaction? In Neth, E. (Ed.) : The Symposium
on Modern Trends in Human Leukemia, Hilsede, Nest Germany, 1975 (In
Press)

.

821. Hu, A.M. emd Gallo, B.C.: Reverse transcriptase. In Fasman, G.D.
(Ed.) : Critical Reviews in Biochemistry. CBC Press, Inc. (In
Press)

.

822. Hu, A.M., Callo, B.C. and Yang, H.-K.: Specific binding of primer
molecules to high molecular weight (HMW) form of mammalian viral
reverse transcriptase (R.T.). ICH-UCLA Symp on Molecular 6 Cellular
Biology, 1976 (Abstract)

.

1219



823. Hn, A.H., Beitz, H.S. and Gallo, R.C. : Post-transcriptional effect
dexamethasone and interferon on the replication of murine type C ENA
tumor viruses from virally transformed nonproducer. In Clemensen,
J. and John, D.S. (Ed.) : Proc VII Int Symp on Comparative Research
in Leukeaia 6 Belated Diseases, Oct- 1975, Copenhagen, Denmark.
Basel, S- Karger AG, 1976 (Absx;ract).

82U. Wu, A.H., lichardson, L.S., Paran, M. and Gallo, E.G.: A survey on
the effect of steroid hormone on type C virus production from
cultured Barine cells. Cancer Res (In Press)

.

825. Wu, A.H., Schultz, A., Reitz, M.S. and Gallo, E.G.:
Posttranscriptional effect of dexamethasone and interferon on the
viral replication induced by iododeoxyuridine from murine
tremsforaed nonproducer fibroblasts. In clemensen, J. and Tohn,
D.S. (Ed.): Proc VII Int Symp on Comparative Research in Leulceaia 6

Related Diseases, Oct. 1975, Copenhagen, Denmark. Basel, S. Karger
AG, 1976 (In Press) .

826. lajima, T. , Tanaka, A. and Nonoyama, M.: Inhibition productive
replication of Epstein-Barr virus DNA by phosphonoacetic acid.
Virology fin Press) .

827. Yata, J., Desgranges, C, Nakagawa, T. , Pavre, B.C. and De_ The", G.:
Lymphoblastoid transformation and kinetics in the appearance of
Epstein-Barr viral nuclear antigen (EBNA) in cord blood B cells by
Epstein-Barr virus infection. Int J Cancer 15: 377-38U, 1975.

828. Yeh, J. , Ahaed, H. and Hayyasi, S. : Detection of an antigen related
to Mason-Pfizer virus in malignant human breast tumors. Science 190;

583-584, 1975.

829. Yohn, D.S., Olsen, E.G., Schaller, J. P., Hoover, E.A., Mathes, L. E.

,

Heding, L.D. and Davis, G. : Experimental oncornavirus vaccines in
the feline. Cancer Res 37: 382-387, 1976.

830. Young, H.A., Parks, W.P. and Scolnick, E.M.: Effect of cheniical
inactivating agents on glucocorticoid receptor proteins of mouse and
hamster cells. Proc Batl Acad Sci OSA 72: 3060-306U, 1975.

831. Young, L.J. 7., Cardiff, R.D. and Ashley, R.L.: Long-term primary
culture of mouse mammary tumor cells; production of virus. J Natl
Cancer Inst 54: 1215-1221, 1975.

832. Young, L.J.T., Cardiff, R.D. and McGrath, C.B.: Primary epithelial
cell dome culture of mouse mammary tumors. Tissue Culture
Association Manual. (In Press).

833. Yount, W.J., Otsinger, P.D., Korn, J.H., Buchanan, P.D., Hutt, L.H.
and Pagano, J.S.: Human lymphoblast cell lines: Assessment of
differentiated functions of Epstein-Barr virus (EBV) genome. i

Southern Regional Mtg Am Soc Clin Invest, New Orleans, La., 1976 \

(Abstract)

.

834. Yuhas, O.w. , Tennant, R.H. and Regan, J. D. (Ed.): Biology of
Radiation Carcinogenesis. New York, Raven Press (In Press).

835. Yunker, C.E., Clifford, C.B., Thomas, L.A., Keirans, J.E., Casals, J.,
George, J.B- and Parker, J.C.: Sunday Canyon virus, a new upgrouped^
agent from the tick Argas (A.) cooleyi in Texas. Archives of
Virology (In Press)

.

1220

#

i



636. Zamecnik, P.C.: Protein synthesis - early waves and recent ripples.
J Infect Dis (In Press)

.

837. Zamecnik, p.C. : Importance of South American non-hunan primates in
human health and medical research. J Infect Dis (In Press)

.

838. Zeve, V.H., Gonda, M.A., Arthur, L.O. and Fine, D.L.: Scanning
electron microscopy of an oncornavirus producing mouse mammary tumor
cell line, surface localization of virus production during
glucocorticoid stimulation. Cancer Res (In Press).

839. Zinkemagel, R. M.: H-2 compatibility requirement for virus-specific T
cell mediated cytolysis. The H- 2K structure involved is coded by a
single cistron defined by H-2Kb mutant mice. J Exp Med (In Press).

8*»0. Zinkemagel, R.M. and Doherty, P.C: Does the apparent H-2
compatibility requirement for virus-specific T cell mediated
cytolysis reflect T cell specificity for "altered self" or
physiological interaction mechanisms? In Katz, D.H. and Benacerraf,
B. (£d.): Histocompatibility of the Gene Complex, Proceedings of the
Brook lodge Conference, Nov., 1975 (In Press).

1221



t
tOTBOB IRDBZ

Aaronson, S.». 1, 2, 3, ±, 5, 6, 7,
199, 216, 270, 2827 283, 284, 285,
286, 287, 295, 339. 392, 520, 56«,
689, 725, 726, 727, 728, 729, 730,
731. 766

Aarssen, A.n. S3
Aaslestad, H.G. 8, 11, 12, 202, 768
Ablashi, D.V. 8, 9, ro, 11, VJ, 1J, 1U,

15, J6, 32, 180, 181, 18U, 202, 381.
517, 768, 769, 770, 771

Abranson, J. B. 22
ibrell, J.W. 18
Adao. E. 25, 465
Adams, H.R. 813
Adamson, R. H. SSI
Agrba, V.A. 565
Ahaed, H. 19, 20» «5«1, 828
Aisenberg, A.C. 21
Akira, 0. 7U5. 746
Albrecht, T. 12
Aldrich, J.O. 300, 301. 318
Alford, C.A. 499
All, n. 54
Allen, P. T. 99, 131, 786
Allen, R.P. 446. 588
Aobrosioni, J.C. 425
Acdersoo, G.A. 23
Andersson, B. 408, 411
ADdersson, R. 21*
Anisowicz, A. 660
Ar.zai, T. 25, 465
Aohi, I. 25, 27, 28, 29, 35, 31, 107,

331, 666
Arens, H. 279
Armstrong, G. B. 8, 13, 15, 16, 32, 184,

202, 769, 770
Armstrong, a.E. 492
Arnold, T. 354
Arnold, W.J. 33, 34, 35
Arnstein, P. 493, 573. 612, 613, 614
Arthur, L.O. 36, 213, 838
Arthur, H. 440
Asher, X. 65. 88, 272. 670
Ashley, R.L. 125, 831
Aogust, J.T. 37, 292, 677. 678. 686.

732, 733, 734, 735, 736, 737
Aurelian, L. 38, 33, 40. 41. 42, 41.

HI, fl5, 78, 194. 370. 739, 740
ATitzour, B. 17
Axel, B. 46, 712

Bader. A.V. 47
Bader. J. P. 47
Baggs, B.B. 158. 360
Bailey, D.H. 756
Bailey, J.H. 48, 404, 405
Bailiff, E.G. 794
Baker, L.H. 273
Balabanova, H. 42, 400
Balda, B.-R. 50
Baldwin, C.L. 51
Baltiaore, D. 52, 53, 299, 406, 456,

457, 458, 459, 540, 541, 627

36, 55

56, 57, 58. 59. 156, 396
358, 690
555
60

Baluda, n.A. §4
Bandyopadhyay. A.K.
Baptista, J. 318
fiarahona, U.
Barker, S. T.

Barnes, o.H.
Barnes, R. D.

Baron, S. 517
Barr, B.D. 299
Bassin, B.H. 61, 606, 607
Bauagartener, I. 121
Baxt. B. 712
Beard, D. 62, 63, 64
Beard. J.W. 62, £2, 64
Beard, (l. 456
Becker, I. 49, 65, 66. 88, 272, 400,

670, 671, 672
Bedigian, H.G. 67
Beeaon, r.. 68, 198, 789
Bekesi, J.G. 56, 58, 63, 70, 71, 22»

22. m. 21. 16. Zl7 1277 154, 155.
156, 348, 349, 396, 407, 560, 622,
648

Bell, C. 699, 700
Bell, B.B. 40, 44, 7S
Bellcif, T.B. 574, 575
Ben-Bassat, H. 22. fifi

Bender, W. 81, 405
Benedict, W.f7 402
Benjamin, T. L. 268, 643
Bensinger, H.I. 283
Benton, B. 203, 300, 301, 318
Benton, C.V. £2, 376
Bentvelzen, P. 83, 334
Bentvich, Z. 80
Benveniste, H.E. 84, 85, 86, 87, 429.

430, 763
Benyesh-Belnick. B. 25. 206. 209. 211.

465
Ben-Zee, A. 88
Berard, C.W. 423
fierchelaann, B.L. i3.

Bernhardt. G. 818
Bernstein, I. 2P
Berthelon, B.C. ~418
Betuel, H. 31
Bhaduri, S. 277
Bilello. J. A. 737
Bishop. J.H. 92, 228, 230, 619. 620,

721, 722
fiiswal. H. 486
Black, P.li. 344, 345. 578. 579
Blair, P.B. 496, 619
Blake, B.J. 23, 360
Blakeslee, J.R. 309, 645
Blank, K. Sitt

Blevins, C.S. 214
Bloonfield, CD. 231, 232
Bobrove, A.n. £5
BoehnyTruitt, n. 394
Boiron, H. 412, 755
Bolognesi, D.P. 215
Bone, D.B. 641
Bonnard, G.O. 26

t

1222



lOTUOB IMDBX

Bont, U.S. 337
Boobis, A.R. 488
Bookout, J.B. U86
Boone, C.H. 22, 106, 2511, 512, 513,

527. 551. 71(8, 749, 750
Bowen, J.H. 98, 99, 100. JOI, 122, 110,

129, 131, 188, 189, 190, 191, 398,
471, 515, 516

Boyd. i.L. 103, JO5, 105, Jfi6. 527
Boyse, £.A. 368, 666
Brackmann, K. 279
Bradley. B. 629, 631
Brady, B. 216
Brandchaft. P.B. 27, Ifil

Brennan, n.J. 616, 630
Brennan, P.J. 106
Broznock, i.W. Jfl2. 389
Brlnkhof, J. 83
Briscoe, «.T. 112
Brody, J. 780
Broseas, I. 587
Brown, I. 759
Brown, J.C. 240, 241
Brown, H. 260
Brown, S.B. 440
Brown, T.H. HI
Brubaker, G. 290
Brugere, J. 425
Brunning, E. 231
Buafo, C.K. 666
Buchanan, P.D. 833
Buell, P. 112, 438
Buettner, «. 113, 279
Bumgarner, S.J. 658
Burke, S. 367
Barstein, S.B. 114
Bushar, G.S. 27
BUSE, E.B. 115, 595, 596
Buttner, H. 811
Byers, V.S. 116, 112, 714

Cabradilla, C. 5
Cabral, G.». Ufi
Cadwallader, J. 463
Calafat, J. 2,12. 12°. 335
Caldwell. G.G. 121, 122, 306
Callahan. B. 84
Callewaert, D.B. 123, 124
Cammoun, N. 91, 172
Campbell, D.A. 96
Campbell, W.F. 219, 695
Cannon, 6. 331
Cardiff. H.D. 125, 496, 831, 832
Carter, C. 121
Casagrande, J.C. 126, 236, 238, 320,

321, 565
Casals, J. 835
Chabot, J. P. 63
Chahinian, P. 127
Cbakrabarty, H. 295
Chan, E. 128
Chan. J.C. 99, 129, HQ, J3J, 191, 200,

201

Chan, S.H. 132, 133, 1^4, 681, 6&3>
684

Chang, C. C. 743
Chang, E.B. 225, 227
Chang. P. 298
Chang. S.-Y. 296
Chaparas, S.D. 140
Charman, H.P. 135, 136, 132, 249
Charney, J. 138, 139 . 480
Chaa, J.C.W. 681, 665
Cherry, H. 756
Chesner, J. 471
Chew, T.S. 132, 133, 134
Chinnadurai, G. 280, 281
Chirigos. fl.i. 140. lil. '•74, 475, «76,

477, 546, 556, 576, 655, 656, 657,
816

Chirik-jian, J.G. 142, 143, 546, 547,
548

Cfao, B.B. 423
Cho, H.T. 610, 611, 612
Cho, J.-R. 50, 153
Chopra, B.C. 144, 145, 146, 782
Chu, E.H.I. 743
Chu, E.B. 184 •

Chung, B.C. 603
Chuvirov, G.H. 585
Cicmanec, J.L. 15, 584, .585, 586
Cleton, F.J. 335
Clifford, C.H. 835
Coccia, P.r. 231
Cockerell, G. L. 147, 352
Cody, C.H. 138, 139
Cohen, I. 65, 66
Colcher, D. 148, 395, 649, 650, 651,

652
Cole, G.fc. 370
Coleman, H. 71
Collins, H.J. 96, 793
ColoBbani. J. 91
Combs, J. H. 366
Comstock, J. P. 625, 626
Conlon, T. 699
Connelly, R.B. 423, 424
Copeland, T. 528
Cornish, J.D. 41, 42
Cosgrove, H. 318
Costa, J. 226
Cotter, S. 121, 207
Cottler-Pox, H. 310
Courtney. R.J. 25, 108, 142, 185, 165,

486, 570, 641
Coz, B. 222
Crittenden. L. B. 150 . 151 . 112, 689,

729, 798
Croce, C. 735, 736
Croker, B.P. 167
Cuatico, H. 153
Currier, B. 121
Cuttner, J. 71, 154, JIS, 349

Oahlberg, J. 468. 469
Oahlberg, J. E. 541

1223



&0THO8 IRDZZ

Dalton, K.J. 16, 386
Daly, T.H. 668. 669
Daniel, n.D. 56. 57, 58, 59, 93, 1^6 .

157 . 158 . 360. 396, a63
Darai. G. 483
Das. a.B. 616
Dascomb. H.E. 365
D'luriol. L. 621
Davidson, N. 48, 81, 404, 405
Davis, D.S. 355
Davis, G. 829
Davis. J. 15«, 160
Day, H.E. 91, 176, 177, 180, 181, Ml.

682. 683. 684, 685
Deao, &.G. 333
Decker. B. 256
De Groot. P.G. 83
Deinhardt, P. 10» 112, 163, 164, 165 .

209, 210, 211, 375, 422, 452, 460,
483, 499, 642, 813, 817

De LeoD, V. 166
Del Villano. B.C. 167. 168, 162. 170 .

421
Derge. J.G. 295, 296
Desgranges, C. m, 172, 261, 827
De The. G. 11, 91, lau, 171. 172, 173 .

12'*. J35. 126. 177. 178. 123. 2SS.
IfiT. 182, 133, 259, 261. 262, 333,
418. 419, 425, 487, 537. 681, 683,
684, 685, 827

DeVita. v.T. 423
Dharnalingixn. S. 685
Didier, M. L. Ifi4
Didier-Fichet, U.L. 16, 487
Di Harorca. G. 452. 473, 816
Dion, &.S. 413, 414. 638
Dix, R.D. 185
Dixon, F.J." 167, 371, 421, 522
Daochowski, L. 98. 99. 100. 101, 102,

129, 130, 131. 186, ^e^. lej. 189.

150. 121. 200, 201, 340. 398, 447,
449. 450. 451. 471. 515. 516. 577,
662, 663, 664

Dobkin, C. 472
Dodson, n.L. 98, 191
Doherty, P. C. 840
Doller, E.W. 192
Donahoe, R.H. 19J, 391. 392, 561
Donncnberg, A.D. 40, 194
Dorfaiao, B. P. 423
Dorizzi. a. 195
Dosik, H. 196, 498
Dotson, J.B. 516
Dougherty. H. 237, 238
Dreesman, G.B. 25, 465
Drohan, W. 148, 649, 650, 652
Dcohan, U.N. 54
Dryfuss, Y. 289
DuBose, D. 157, 360
Duesberg, P.H. 68, 122, 12S. 233. 379,

442. 785. 789, 790. 791, 792
Duff, B. 302, 303
Dunn. C.Y. 199. 295
Dutan-Troise, G. 61, 606, 607

DvorsKy. B. L. 241. 297

East, J.L. 99, 130, 131, 200. 201, 398
Easton, J. H. 12, 13, 14. 184, 202, 423,

517, 769
Eaton. S. 551
Ebert. P. S. 679
Economoa. C.r. 749, 750
Ednondson, B.A. 2Q3
Eichberg. J. v. 89.~204
Elliot, k. 645
Ellis, D-A. 579
Ellison, B.R. 349
EllBore, H. 270
Bllouz, B. 91, 172
Emanoil-Ravicovitch . B. 621
EB»elot. P. 337. 773
Enrigbt, P.H. 588
Epstein. A.L. 255
Epstein, fi. S. 195, 673
Espana, C. 381
Esparza, J. 206
Essex, H. 121. 136. 207. gOg. "53. 644
Estes. J.D. 236. 237, 238, 239
Estes, B. K. 562

Fabrizio, P.L'. 424
Palk. L.A. 164. 202, 210 . 211 . 4991,

642, 817
Paras, A.J. 66
Parrelly, J.G. 376
ParroK. W.B. 212. 695
Parrogia. B. 260
Pavre. B.C. 418. 419, 827
Feldsan, D. 289
Peldman, S. 651
Fellows, C. 13
Felsburg, P.J. 385
Peltkamp, C.A. 773
Feorino, P.C. 306
Pergusoo, c. 432
Fields. B.K. 602. 744
Pine. D.L. 36. 213. 577. 838
Fischer. R.G. 605
Fischinger, P.J. 214. 215, 501, 502
Fisher, L.E. 613
Pishraan, P. B. 21§
Flanderoeyer. B.B. 491
Flax, B.L. 229
Fleckenstein. B. 482
Forbes. B. 59
Porni. G. 212
Fowler, A.K. 738
Prankel, J.i. 218. 219. 695
Fraser. C.E.O. 56, 58, 59, 156. 463
Frazier. B. 780. 781
Freedaan, H. 94, 220, 221
Freeman, A.E. 574, 601
Frenkel, N. 222. 223
Friedman, R.B. 224, 225. 226. 222
Friedmann. A. 400. 672
Priedrich, B. 22S

1224



tOTHOR ISDEX

Fudenberg, B.B. 116. «10
Fuhrman, P.S. «76, «T7, 556
Fujioaga, K. 279
Fujita, D. 92
Fuks, Z. 95
Funderbarlc, H.B. 222
Formanski, P. 461. 616, 617, 631
Fucuicbl, I. 230

Gacto, H. 688
Gajdusek, D.C. 763
Gajl-Feczalska, K.J. 2Vi_, 2J2
Galehouse, D.H. 233
Gallagher, H.E. 128. 23il, 481, 520.

609
Gallo, B.C. 18, 128, 234. 235, 431,

520, 609, 815, 820, 621, 822. 823,
824. 825

Gardner, H.B. 135, 236. 217, 238. 2M.>
2M, 111, 297, 455, 539, 601

Gaudreau, P. 724
Gazdar, &.F. 518
Geder, L. 212. 597
Genta. T.«. 243
George, J.E. 835
Georgiades, J. 99
Gerard, G.F. 244, 245 . 276, 293, 443
Gerkins, V.R. 126, 319, 320, 321, 440
Gerwin, B. 114
Gerwin, B.I. 61, 243, 246. 2il3» 558,

559. 606, 607
Geser, A. 176, 177. 178, 179
Ghanta, V. 408
Ghazzouli, I. 391
Gherldian, B. 579
Gibbs, C.J. 763
Gilden, H.V. 97, 135, 136, 137, 159,

248 . 249, 358, 359, 439, 455, 497,
519, 520, 521, 528, 574, 587, 610,
612, 767

Gilead, Z. 250
Gillespie, D.H. 234, 609
Gillette, B.H. 25J, 252. 252. 255
Ginsburg, C.H. 255
Gisselbrecht, S. 61
Glaser, R. 256, 257, 258. 255, 2fiO,

2i1. 262, 263. 261. 2i5. 503
Glideuell, O. 349
Goh, E.H. 684
Goldberg, R.J. 26^, 267. 553. 659
Goldblum, N. 79, 80
Goldblum, T. 80
Goldman, E. ?68
Gollogly. E. 432
Gonda, B.A. 269. 270. 838
Goodoaa, H.d. 228, 420
Gordon, R.J. 27 1. 322, 566
Gordon, Y.J. 272, 670
Gottlieb, J. A. 221
Gottlieb. P.O. 406
Grabaa. B. 699
Graham, B.J. 679, 680
Graudgenett, D.P. 276, 293, 615

Graven, H. 266, 224, 768
Greaves. H. 456
Green, I. 217, 611
Green, H. 245. 250, 225, 226, 227,1 278,

279, 281, 293, 443, 533, 615, 8|09,
810, 811, 812

Green, H. B. 276, 280, 221
Greenberger, J.S. 282, 283, 264. ^85.

2M. 287, 564
Greene, A.E. 414
Gribble, D.H. 760
Griffin, A.C. 110
Groff, D.E. 371
Gross, L. 288, 2S2
Gross, R-L. 22fi
Groupg, V. 212, 219
Gulati, S. 797
GuDtaka, R.V. 721
Gupta, P. 211. 222
Gorge. C. 233

Baase, A. T. 68 .

Hackett, A.J. 116, 117, 294 . 693, 714,
715, 716. 717. 718

Bagenan. P.O. 119. 120, 335, 779
Bale, P. 409
Baoelin, B. 412
Bampar. B. 295. 296, .587. 754
Hanafusa. H. 197, 198, 790, 791
Banafusa, T. 540
Banisch, B. 231
Hanson, H. 249
Barada. F. 541
Hardistry. B.H. 696
Bardy. B.D. 121. 136. 207, 351, 352
Harevood, K.B. 19, 2iS
Hariri, F. 497
Harris. B. 699, 700
Barrison, B.B. 814
Harrison. T.A. 53. 299 . 456, 457, 458,

459
Barrold. J-B. 389
Hart. W.R. 300. 32J.. 318
Barter. D.H. 797
Hartley, J. 8. 4 28. 502
Harvey, J. 8. 385
Haseltine, W.A. 541
Haspel. M.V. 302. Sgl
Batanaka, H. 304, 439, 519, 520, 521,

767 .
"

"

Hatgi, J. 376
Haverman, J. 335, 337
Hay. K.A. 415
Haynan. n.J. 305. 361
Heasley, S. 775
Heath, C.H. 111. 122. 306
Heberlinq. R.L. 307, 303, 381, 382,

383, 304. 385, 386, 543. 690, 691
Heding, L. D. 309, 523, 829
Hehlaann, B. 50
Heine, 0. 15, 16, 63, 64, 310
Heiniger, H.J. 311
Helling, B. 426

1225



lOTBOB IRDEZ

Bellnan. A. 738
HellstroB. I. 90. JJJ. 212. !!«. 315,

316, 317, 380, 751, 752
Bellstrom, K.E. 90, 312, 313, 3ia, 315 .

316, 317. 380, 16'). «90. 751. 752
HelmkeT E-jT 381, 690, 691, 692
Henderson, B.E. 112. 126. 203, 236,

238, 239, 21(0, 2U1, 297, 300, 301,
3ia. 319, ?20. 321 . 522, 372, 368,
«i38. into, 466, 566, 567

Benke. C.B. 51
Uenle, G. 205, 255. 263. 323, 12a, 327,

328, 329, 330. 353. 373
Benle. H. 2U, 112, 205, 255, 263, 32i*,

325, 226, 122, 325, 222. 33fl, 353.
35it, 373, HH1

Herberman, H.B. 26, 96, 331 . II24, «25
Becsh, £. 100
Beston, H.E. 222
BevetsoD, J.F. 205
Blgdon, C. 298
Hilgers, P. i33
Bilgers, J. 60, 119, 120, 335., ,

335 .

22^. 137. 773, 77«
Bill. P.P.. 358, 359
Blllenan, B. B. 22&
Billec, A.J. 694
Hlllman, S.A. 64
Hino, S. 5, 6, 7, 122
Biraki, S. 140
Eitsch. H.S. lU, 342 . litl, 2!il. 345 .

578. 579
Bixson, D.C. 2!i§. 3il2. "•"8

Bo, J.H.C. 176, 177, 180, 181, 182,
259, 261, 262, 681. 685

Ho, T. 795
Hoaqland, C. 349
Bolben, J. A. 138, 139, 480
Holland, J.F. 70, 71, 72, 73, 74, 75,

76, 77. 127. 154, 155, 34S, 24S,
407, 560, 648

Uolliday, J. 60
Rollinshead, A. jifi
BolB. G. 373
Booqstraten, B. 27 3

Hoovet, E.A. 147, IgJ, 352, 453, 519,
521, 524, 829

Bopkins, B.P.I. 493
Boreckec, B.L. 686
Bomitz, C. 353, 354
Bouchens, D.P. 793
Bouts, G.E. 63
Boward. T. 433
Howk, B.S. 660
Bsu, H.«. 155
Bu, S. 405
Huanq, C.-H. 537, 538
Buang. £. 597
Huanq. E.-S. 356. 357. 667
Buang, Y.-T. 365
Hubbell. B.S. 553

Buebner, R.J. 193, 236, 237, 238, 239,
240, 311, 3^, 352. 391, 423, 573,
574, 575, 576, 601, 610, 612, 613,
614

Hull, R.ll. 381
Hunt, H. D. 58, 59, 93, 157, 158, 26fi
Hunter. E. 305. 3£1, 362, 263, 777
Hunter, S.J. 663
Huonq, S.-n. 356
Hurst, n.n. 408
Hutt, L.B. 264. 265, 580, 833
Butt, 8. 366, 598
Byaan, B. 8. 2§J_

Iqel, B.J. 552
Ihle, J.N. 393
Ikeda, H. 368
Ilyin, K.V. 577
Ingalls, J.F.. 56, 57, 156
Isaacs, B. 377, 455
Iwai, H. 2i2

Jackxan, D. 158, 463
Jacobs, B.P. 40, 44, 370
Jacobs, S. 368
Jacobson, C. 350
Jacdine, J.B. '664

Jarovski, C. 71
Jarrett, O. 207
Jarrett, H. 207
Jay, P.T. 227
Jenson, A.B. 271
Jerlna. D.fl. 488
Jing, J. 372, "38
Johansson, B. 79, 323
Johnson, D. 164
Johnson, D.E. 450, 451
Johnson, D.L. 389
Johnson, J.C. 292
Johnson, K.H. 555
Johnson, L. 32« , 375
Johnson. B.W. 82. 376
Johnston. J.O. 117, 694
Jones, P. A. 227
Jones, T.C. 56, 58, 156, 396
Jones, 8.1. 82
Joseph, D.B. 378
Junghans, B.P. 379

Kail, H. A. 2S.2
Kallman, B.J. 800, 801, 802, 603
Kalter, S.S. 89, 204, 307, 308, 281.

382, 383, 384, 385, 186, 403. 543,
690, 6 91, 692, 804

Kamlaq, D. 773
Kaplan, B.J. 301
Kaplan, H.S. 95, 205
Kaplan, J. 123, 124. 282
Kashmiri, S.V.S. 606, 607
Katz, A.D. 3J5
Katz, S.t. 57

t

%
1226



AUTBOB XHDSX

KaufBBD, D.C. 243, 2««
Kaufaaon. H.K. 243. 2*6
Kairai, S. 197, 198, 780, 791
Kavakaml, T.G. 27, 137, 2SS
Kay, H.D. iSa, 687
Keirans, J.E. 835
Kelloff, G.J. 193, 391 . 392. 561, 639
KeoDel, S.J. 168
Kenney, P.T. 378, 323
Kenny, B. 471
Kern, J. 510
Kersey, J.H. 231, 232
Killander, D. 373
Kim, C.B. 613
KiB, J.B. 611
KiB, N. 135, 136, 137
Kinball, P. 23Sl> 395. 649, 652
King, B.P. 574
King, H.H. 56, 57, 58, 156, 326
Kingsbury, E.B. IS
Kinoshita, K. 745
Kiachi, H. 397, 525, 526
Klecker, J. 699, 700
Klein, G. 24, 66, 79, 172, 373, 537
Klein, B. 439
Kleiner, G. 510
Kleoent, V. 237, 238. 239, 240, 241,

628
Kaetz. H.£.
Knesek, J.E.
Knight, C.A.
Knikezr, B.T.
Koment, B.R.
Korn, J.B.

703, 704
131, 200. 201, 32S
379
385
399

833
Korol, 9. 19
Kortright, K. 654
Kostyu, J. 356
Kotler, B. 49, 65, 4S£
Kouri, H.E. isil, JLQJ, 488
Kraemer, D.C. 403, 543
Krakovka, S. 147
Kraaarsky, B. 70C
Kramer, F. R. 472, 713
Krempin, H. B. 497
Kndler, L. 367
Kufe, D. 128, 712
Kumar, B.C. 555
Kung, H.J. 404, 405
Kung, P.C. 53, ijfie, «58
Kurtz, S.A. 402
Kva, H.G. 779

Ladda, R. 597
lainq, C. 407
Lakcuan, A. 499
Laabert, L.A. 492
La Die, F. 336
Laaon, E.H. 208, 4£g, 402, 41fl, JU

274
564
393
358, 359

Land, T.J.
Lane, P.E.
Lane, S.B.
Lane, U.T.
Lanford, B.B. 486

Lang, R.B. Ill
La pin, B.A. 585
Lapis, K. 64
Larsen, C.J. 412, 755
Larson, D.L. 19, 20. 298, 454, 764
Larson, L. J. 462
Lasfargues, E.Y. 413, 414
Lasfargues, J.C. 413, 414
Lang, 8.E. 455
Lausch, B.N. 242, 415, £1^, 417, 4 84,

485, 571, 597
Lavoue, B.F. 177 .

Layard. B.W. 310
Lazarus, B. 432
Leaaan, D.H. BOO, 801, 802, 803
Lee, K.-L. 393
Lee, S.K. Ill
Lennette, E.B. 381
Lenoir, G. 259, 261, 262, 296, 411,

112
Leong, J.C. 4^0
Lerner, E.i. 168, 169, 170, 421
Levin, A. 422
Levin, &.G. 290, 500
Levin, A-S. 116, 117
Levin, R. 267
Levine, P.H. 202, 274, 423, 424. 4'25.

768, 772
Levinson, B.B. 426
Levy, B. 586
Levy, J. A. 421, 532
Levis, A.B. 552
Levis, F.B. 354
Li, J.B. 599
Lidin, B. 410, 411
Lieber, B.H. 84, 419. 430 . 431 . 763
Lightbody, J. 123, 124
Lilly, F. 94, 220, 221
Ling, B.P. 439
Linn, J. 775
Liu. H. 2G, 27, 28, 331, 547
Livingston, D.B. 432, 433
Locker, U. 222, 223
Loeb, W.F. 15, 32, 493
Loevenstein, P.B. 245
Long, A. 702
Long, C. 160, 249, 304, 587
Long, J. 21
Loni, B.C. 277, 279
Lopez. D.H. 195. 43U, 435, 436, 432,

673. 674. 675, 676
Lord, B. 207
Louie, E. 112, 372, 338
Lovinger, G. G. 439
Luecke, D.H. 605
Luetzeler, J. 771
Lakoaan, J.B. 663

fiacario. A.J.L. 180, 181
Back, T.H. 126, 318, 443, '•*6

Backay, L. 207
Backey, J.K. 260, 281
Badison, B. 639

1227



tOTBOB IVDBZ

Bagrath, l.T. im
Baisel. J.£. 68, ««2
Bajor, E.O. i»52, 818
Balherbe. H.U. 381, 383
Banders, S. K. 96
naoousos, B. 20
Barcianl, D.J. 548
Harczynska, B. U83
flargalith, B. a»3
Barinoeau, E.J. 462
Bark, C.E. 4IMI

Barkhaa, P. D. 54
Bjrquardt, H. 137
Barquea, B.D. 445
Bartin, C.E. 575
Bartin, L.N. 046, 58S
Bartin, S.P. 322, 466
Bartin, T.w. 814
Bartin-Berthelon, B.C. 180, 419
Bartin- Bertheloo, B.Cl. 181
flarty, B. 412
Barsyama, K. 98, 99, 200, 201, 347,

«42» 4 "8 . ±1*9, 450 . <t51

Bassay, B.J. 452
Bassey, R. 422
Bathes, L.E. 351, 352, 453, 523, 829
Battern, C.P.T. 502
Bayyasi, S. 19, 20, 454. 764. 765, 828
Bclilister, fi.B. 135, 377, 404, 405,

it5§, 497, 539
BcBride, C.B. 100, 101, 110
BcCaffrey, B.P. 53, 299, 455, 152, 45J,

BcCaw7~B.X. 527
flcConahey, P. 237
BcConahcy, P.J. 167, 371, 421
BcConncll, S. 381
BcCormicfc, J.J. 461, 616, 617
BcCoy, J.L. 424
BcCredie, K.B. 781
BcCullough, B. 204, 386
flcOooald, B. 460
BcDoweXl, T.S. 389
BcGrath, C.B. 46J, 462, 616. 617, 618

623, 632, 634, 702. 832
BcHugh, J.E. 626
ficlntyre, B.P. 274
Beier, B. 67, 239, 311, 757
Belendez, t.V. 57, 59, 157, 158, 360,

462
Bellon, P. 792
Bellstedt, B. 373
Belnick, J.L. 464 . 465, 486
Benck, H.B. 112, 322, 466, 566
Bichalides, B. 395, 467 . 468. 469, 470-

649, 651, 655 ^^'
Bickey, H.B. 746, 747
Blller, J.H. 249
Biller, H.P. 98, 99, 100, 101, 102,

190, 191, 347, 448, 471
Blller, N.B. 234, 609
Biller, B.L. 444
Bills, D.R. 422, 713
Bilo, G.E. 523, 64S

139, 414, 42a, 175 .

Bims, S.J. 227
Blshra, N. K. 473
Bitchen. J.R. ~2'l9
Bitrani, S. 79, 80
Bizuno, P. 529
Bohr, S.J. 140, 474 . 475, 476, 477

655, 657
Boloney, M.C. 282, 285, 287
Bonguet, D. 487
Boore, D.H. 138,

485, 669
Boore, G. T. 403
Boore, L. 289
Borgan. 0. 481
Borris, T. 228
Botta J.T., . 151
Bourall, H. 425
Bair, C. 182
Balcahy. B.P. 340
Bolder, C. 422
Bnllin, B.C. 794, 795, 796
Bunch, K. 764
Bank, K. 483
Bunns, T.nT 812
Banoz, N. 179
Barasko, D. B. 415, 454, 455, 597
Bnrphy, B. 197
Burray, B. r. 4g^
flyers, B. 191, 449
Byers, B.H. 225, 227'

Bacbtigal, B. 22
Bagasbiaa, K. 270
Bakagava, T. 827
Bardon, P. 487
Have, B. 170
Bebert, D.H. 488
Belson, K. i8|7~420
Belson-Rees, w.i. a31, 455, 421, 531,

532, 612. 613, 614, 694, 715, 716
Bepo:,, J.T. 314, 752
Beubauer, B.H. 492, 423, 'S*. 125, 584,

565. 586, 787, 788
Neiiqard. K.H. 496
Nichols, J.L. 790
Micolson, n.O. 404, 405, i22
Bigaa, B. 498
Vigida, S.B. 49^
Bias, B.H. 39l7 639
Mishibara, T. 472
Rishioka, K. ^00
Boaura. S. 214, 215. 50J, 502
Ronoyama, H. 263, 296, 4837 503, SO* .

kSk. 506, 529, 753, 754, 826
Boon, B.C. 507
Basse, B. 3357 337, 773

O'Brien, S.J. 508, 522, 510, SH, 512 .

513
0* Bryan, R.H. 273
0« Conor, G.T. 4 23
Ogden, J. D. 165, 813 i

1228



laiBOR »0»

Oglno, I. 511
Ohno, T. 128, S08
Ohtsuki, I. 191, 151, 515. 515
Oie, H.K. 16, 18«, ^17 . 518. 660
Okabe. H. 5J2, 5?0 . 521
Oldstone, B.B.A. 521
Olsen, R.G. 121. 11*7, 207, 309, 351,

352, «53. 519. 52t, 5i3. 52J». 614,
645, 646. 829

Olshevsky. 0. 65. 670
Olson, C. 121
O'Heal, D.L. 626
O'Neill. ?.J. 2«2, 553
opelz, G. 525, 126
Orae. T.B. 105, 106. ^27
Oroszlan, S. 159, 22&
Orr, T. 32
Ortii-Honiz, G. 195, «3«, 673, 675,

676
Osato, T. 522
Osburn, B.I. 760
Otten, J.i. 5J0, 759
Owens, a.B. 511, 532 . 69<», 717
Ozsan. B.B. 569

Paciga. J. 164
Padgett, 7. 92
PadDianabhan, R. 533. 533
Pagano, J.S. 27i», 356. 357, 365, 53* .

535, 556, 512. 538 . 562. 667, 833
Pal, B.J- 539
Panet. k. 510 . 5ai
Pang, B.B. L. 54^. 563
Paniqel, B. 543
Papadoponlos, M.S. 544 . 545
Papageorge, A.6. 558
Papas. T.S. 142, 143, 546 . 547. 548 .

54g. 550 . 816
Paran, B. 824
Paranjpe, H.S. 97. £51
Park, D. K. 614
Parker, J.C. 369. 552. 835
Parkman, B. 458, 459
Parks, i.P. 267, 332, 507, 553. 554.

659, 660, 661, 830
Paul, P.S. 555
Pearson. G.B. 15, 32, 180, 181, 586,

788
Pearson, J.H. 469. 556
Peebles, P.T. 247, 55?, 558 . 559 . 660
Peer, H. 455
Pereira, H. 381
Perils, J. 412
Perltz, B. 17
Perk, K. 468, 469, SS«
Perloff, B. 542
Perrr, k. 82, 376
Perry, S. 299
Perryaan, L. 207
Peters, 6. 541
Peters. E.L. 193, 391, 392, ff61 . 575,

639
Peters, >.P. 128

Peterson, B.D. 123,. 124, 387, 741
Pett, D. B. 562
Pfeffer, B.I. 440
PhllUps, L.i. 542, 5§3
Phillips, S.H. 284, 541
Pickeral, S. 217
Pike. B.C. 112, 126, 236. 240. 319.

320, 321, 322, 440, 466, 5i5, 545,
567 . 565, 696

Pitha, P.H. 542
Polesky, B. 353
Pollack, S.B. 489, 490
Pomenti, k.k. 413'
Pomeroy, B.S. 555
Poaecoy, K.k. 555 r-^

Popp. B.t. 794
Potter, a. 28
Powell. K.L. 465, 572.
Prather, S.O. 416. 417, 521
Prevost, J. 786
Price, P.J. 402, §22. 522. 52». &25»

576 . 603, 778
Priori, E.S. 98, 99, 191, 200, 201,

522
Proffitt, B.B. 343, 344, 522, 522
Pry, T. 549
Pryor, J.B- 476, 556
Policy, L. T. 109
Purchase, B. 798
Purifoy, D.J. a. 570
Purtilo, D.T. 522

Qaarles, J.B. 530, 581 . 58 2. 759
Qnist, K.O. 369

Babin, H. 32, 492, 493, 494, 495, 523..
584 . 585 . 584. 787. 788

Babson. A.S. 184
Babstein. L.S. 639
Bai, K.K. 349
Banachandar, K. 127
Bamseur, J.B. 225, 227
Rand, K.B. 5fi7
Baodall, J. 350
Bangan, S.B.S. 588
Bankln. C. T. 700
Banking, k. 276
Ba pa port. E. 522
Bapin. I. 772
Eapp, P. 22, 115, 192, 222, 223, 242,

258, 264, 265, 302, 303, 399, 445,
514, 554, 590, 531, 592, 523, 524,
595 . 526, 522. 598, 522. 422. 604,
637, 805, 806, 807

fiasheed, S. 240, 241, 421
Baalston. G.L. 664
Bawls, H.E. 25
Bay, D. 422
Beaqan, B.L. 793
Beddy, E.P. 622
Beed, B. 587
Reed, C. 600, 422

1229



tOTBOB XBOBX

Beqan, J.O. (Ed.) BM
Behacek, J. 605
RelD, i. 61, SiS&. SSI
Belsingcr, B.C. 60B
B«itz, B.S. 18. 23«, 235. §Si3. 81S.

823, 625
Bevezs, T. 456
Bevol, P. 425
Beynoids, J. 510
Beroolds, B.K. 552, 127, 728
Bbia, J.S. 217, 377, 412, MJ. 612 .

m. km
Bho, H.H. US
Bhoads, J.n. 518
Biblet, B. 7Se
Bich, H.A. 33, «61, M2, Hfi, ilj, |618.

630. 631, 6 32, 63«, 702
Blcfaardsoa, L.S. 82*
Biggs, J.L. 693, 718
Binaldo, C.B. 345
Binqold, G. ±21, i2fi
Bobbins, K.C. 23
Bobert-BobiD, J. 621
Bober, B.C. 680
Bobin, B.S. 277
Bobinson, B.L. 152
Boboz. J. P. 72, 73, 7*. 75, 76. 77,

Bodrigoez, l.B. 204
Boizaan. B. 222, 223
Bonger, B. B. 236, 240. 241. 361. 455
Bosario. I. 321
Bose, B.D. 623
fiosen, J.B. 524, 625- 626 . 698
Bosenshein, B.B. 78, 194
Bosenthal, 0.5. 282, 285
Both, I.L. 719
Botfaenberg, E. 627
Bottaan, F. 245
BoulIand-D-ussoiz, D. 92
Bove, H.P. 368. 428, SS2. 569
Boy, H. 300, 301
Boy-Bucman, P. 539, <2a
Bupp, B. 699
Buscetti, f. 481
Busscll. £.1. 518
Basso. I. 632, 633
Basso, J. 33. 34. 35, 461, 616, 617.

618, 622, 51fl. fiiJ. k22. M3. 634 .

63§, £!§

Sabel, P.L. 51
Sadovskl. J.B. §22.
Salzberg. S. 277
Saauel, K. 143. 54*
Santorineoo, B» 772
Sarkar, R.fl. ^3^
Sarma, P.S. 555, 603, 101
Sarna, G. 299
Sass. B. 391. i21
Sato, H. 368
ScanlOD. n.D. 190. 191. 471. 515
Schafer, B.i. 550

Sckaffer, P. A. 118, 206, 209. 211, •SS,

ii»5. 6i»l. 642
Schaff baaseD, b7s. 64 3
Schaller, O.P. 309, 351, 352, 453, 523,

524, 6«it, 605, 644, 829
Schaaf, f. 422
Schecbter, B. 127
Schenley, C.K. 581
Scher, CD. 647, 660
Scfaer«r, H. 160
Schidlovsky, G. 20, 288. 289
Schlesinger, fl. 64g
Schloa. J. 1, 148'^ 394, 395. 467, 'fiS,

469, 470, i42, 65fi, ^M. 652. 654.
712

Schaitt. B.H. 212
Schneider, B. 6^
Schochetaan, G.~ 394, 649, 650, 651.

652. feSi
Schaltz, 1. 825
Schaltz, B.B. §S^. SS§. H2
Schvaab, G. 425
Schvara, L.E. 246
Schwartz. J. 349 '

Scolnick, E. H. 267, 442. 553. 559. 6*7.

655. 652. iW. i4J. 830
Sega, fl.8. 581
Segal, B. 354
Sehgal, P. 158
Selby, C.E. 703
Seaao, G. 98. 99, 190, 191, 515, 516,

66?. 663 . iii
Sen, 1. 66^
Sendo, P. 666
Shain, S.k. 386
Shank, P. 776
Shanmugam, G. 250, 277
Shanmugaratnani, K. 134, 172, 537, 683,

684
Shapiro. S. Z. 7 37
Sbatkin. A.J. 230
Shaw, J.B. 538, 667
Sheffield. J.B. ^68, ^§9
Sherr, C.J. 84, 85. 429, 430, 665, '63
Shevach, £. H. 217
Shibley, G.P. 82, 376
Shiaada, X. 511
Shloaai. J. 65, ilO, £7J, 67^
Showalter, S.D. 295
Shows, T.B. 263
Shoyab, B. 54
Sbuloian, K. 772
Sibal, L. R. 29. 30, 31
Siegler. B. 647
Sigel, B.B. 195, 434. 435. 436, 43'.

673 . 674, ilS, t2£
Silberstein, H. 672, §28
Sil*a, D. 156, 157, 158, 360
Silver, E.T. 71, 155
Silver, S. 483
Silverman, T.H. 107
Silverstone, A.E. 53, 299. 458
SiaoDds, J. A. 482, 679 . ££2

1230



ADTBOB IHDBZ

Simons, a.J. 132, 133, 131, 176, 177,
183, SOO. 681r 682. 683 .- 684 . 6?5

SiBODSon, J.R. 512, 513
Siapsoa, B.P. 711, 7«2
Singh, D. 685
Singh, a. iS£
Singb, S. 290
Siogh, V.N. 68S
Sinkovics, J.S. 27 3, 390, §§2
Sirlin, J.L. 166
SkeeD. P.C. 576
Skeily, J. 108, ffifi

Skurzak, H.H. «11
Smith, B. U31
Smith, E.J. 6a2» 729
Smith, C, i»77

SBith, G.C. 38«l, 386. Sl»3, §9fl, £21,
692

Scith. B.S.
Smith, a.E.
Saith, H.F.
Saith, P.G.
Smith, S.G.
Smythers, G.
Socher, S.H.
Soderberg, G.

IJ20, 531, 532, iiJ, i2S
219, 625
41. 42, 44, 05
565, 568, 49§
247, 558
528

373
soeico, R. 602, 744
Sofranko, J. 417
Sohier, E. 176, 177, tSO, 181
SooBoo, J. 322, 466, 566
Sosin, U. 231, 232
Sottong, P. 621. 225* 123
Souissi, T. 60
Soule, H.D. 33, 34, 35, 616, 617, 618,

629. 634, 702
Spahn, G.J. TO^, 224
Spector, D. 92
Specc-e. C. 433
Spiegelaan, S. 46, 50. 128, 153. 470.

472, 651. 705, 106, 707, 70J, 702.
710. 211, TJ2' 713. 780, 781, 797,
Boa

Springer, E. L. 294, 531, 532, 693, 214,
715 . 716 . 717, 718. 712

St. Jeor, S.C. 22, 366. 720. 807
Stavnezer, £. 230
Steel, C.H. 290
Steeves. B. 221
Stehelin, D. 92, 721, 722
Steiner, a.E. 688. 723
Steiner, S. 108. 688. 221
Stephens, B. 724, 764
Stephenson, J.B. 2, 3, 4, 5, 6, 7, 199,

284, 286, 287, 339, 392, 520, 564,
689, 725, 726. 727, 728. 222» 739.
731, 766

Stephenson, R.L. 310
Stockert. E. 368
Strand, B. 37, 732, 73J, 734, 215, 736 .

7J7
Strickland, J. E. 738
Strnad, B.C. 43, 44, 45, 22i» 2«ii
Strober, S. 95
Stulberg. C.S. TiQ, 2S2

Sturm, a. a. 28, 331
Suqavara, K. 250
Sok, H.i. 573* 575, 576
Suoaers, B.B. 528
son, B.C. 741
Soskind, B.G. 350
Suzaki, B. 622
STeda, H.H. 144
Svihovec, S. 589
Sweet, B. H. 128, 797
Szakal. k. 431

397, 525, 526, 2S&> 26.6.

97, 748, 242. 255

7akasagi, H.

747
7akeichi, N.

Tal. J. 92
Tamerius, J. 75J, 252
lanaka. A. 503, 504, 505, 506, 753.

254, 826
Taraschi, N. 669
lavitian, k. 755
Ta»itian, H. 412
Taylor, B.i. 256, 252
Taylor. H. 114
Tennant. K.H. 530, 581, 582, 258, 252
Tennant. B.S. (£d. | 834
Terasaki. P. 372
Terasaki, P.I. 526
Terrell. T. B. 2*2
Tfaakkar, B. 460
Theodore, T. 141
Theuns. G.J. 337
Thien, T. 76
Thoues, L. &. 835
Thompson, H. 804
Thor, D.E. 204
Thota. H. 390, 687
Till. H.H. 696
Tilton, J. 387
Todaro, G.J. 84, 85, 86, 87, 196, 429,

430, 431, 665, 761, 762 . 263
Tomkins, G.H. 620
Toni, R. 249, 358
Tovnsend, D.E. 300, 301, 318
Trainor, CD. 815
Traul. K. 724. 7^. 765
Triche. T.J. 227
Trimmer, B.H. 358, 359
Tronick, S.E. 6, 7, 16, 520, 728. 730.

731. 2ii
Tsai. H.P. 160
Tsuchida, H. 2i2
Tnffrey. H. 60
Tukei, P. 176. 177
Tureckova. H.I. 768
Xwardzik, D.B. 8, 13, 202, 2ifi. 2&S.

770 . 221
Tuiddy, fi. 521

Dtsingec, P.D. 833

1231



ftOTBOB XHDSX

Taitazis, Z. 701
Valeclo, E.G. 1S, 32, «93
Talsaals, a. P. 222
Vw Blitlecswijli, W.J. 119, 335, 337,

Tan dec Hasten, a.J. 209
Tande Houde, G.F. 679, 68 0, 700
Tan Hoosiec. G.L. 369
Tan Hie, B.. 335, 770. 779
Taa Ooord, D.J. 83
Tan Pelt, P.G. 83
Tan Tlock, B. 193
Tarmas, B.E. 93. 228, 619, 620, 7^21,

722. 225, 77^
Teca. H. 131
Tecbeet, B. 119, 120
Terma, I. H. 766, 222
Ternon, H.L. 573, 612, 22§
Terstracten, k.k. 779
Tinccguerca. T. 71
Viola, H.T. lafi. 2fiLl

Tlahakis, G. 145, 146. 782
Togt, P.K. 197. 305. 361. 362. 363.

722. 783. 2M' 2§§» 789, 792, 798
vonka. T- 176, 177
Toyles, B.&. 618

Gagnec, S.B. «<)8, 449
«aite, H.E.F. 2Sfi
Rallace. B.J. 349
Rallen. N.C. 093, 494. 495. 584, 585,

586, 262. 2M
Railing, H.J. 27, 28
«ang, L.-B. 197. 198, 282. 222, 22J.

2S2
Bard, J.B. 22J
Bard, P. 353, 354
Bare. H.J. 449. «50, 451
Baters. l.C. 224. 22§» 22i
Baters, P.J. 704
Bebber^ H. 597
Beber. G.B. 310
Bee, G.B. 683, 684, 685
eel. C.B. 355
Beigert, a. 756
Weinberg, B. 65. 66. 400
Beisbucger. E. K. 613. 614
Beislou, O.S. 308
Beiss, a. 222
Weiss, B. 22^
Veisser, k. 720
Heliky. H. 791. iOO. 80J, 80 2 . 803
Rells, P. 631, 633, 635, 636
Westall. C. SM
Restley. J. 114
BestBoreland. D. 805 . 806 . 807
Rezler, B. 353
Bhallcy. B.B. Ill
Vheelec. K. 775
Bhialec, B. 375
Bbite. I.. 780
Bhite. a. 137
Bhitten, B.D. 408, 409. 410, 411

Biernik. P. 349. 781
Billiaas. D. 659
Bilson. C.B. 421
Bitkin], s. eog
Bold, W.S.H. 278, 809 . 810 . 811 . fij^
soli, H. 171
Bolfe. B. 172
Bolfe. L.G. 164. 165. 209, 210, 211,

375, 460, 499, 812
Wolfe, B.B. ft14
Bolff. J. 764
Bolfocd. B.C. 507
Bolter. J. 422
Bong. P.K.X. 227
Bong-Staal. F. 234. 609. fiJ5
Boo. J. 701
Boods, W.i. 546. 655. 656. 657, &1i
Woodside. B.J. 146. 493. 585
Boolf. D. 724
Bright, J. 209. 211. fij|2

Bright. P.J. S1&
Bright. P.R. 90
BO. i.H. 481, fij2. S2S. £21. &2Z. fi2i.

&25. fi2S

Tagi. H> 488
lajiaa, I. 506^ 226
lakoleva. L.k. 585
Taaaaoto. K. 529. 620
lamashita. T. 279
lanq, C. S. 537
Tang. J.S. 580
Tang, B.-K. 822
Tang, H.K. 166. 355, 759. 795, 796
lap. J. 133
Tata. J. S22
T«h, J. £28
lohn, O.S. 147, 207. 381. 453, 523,

524. 644, 645, gH
long. B.K. 685
Tosbida. B. 191, 398
Toung. D.B. 793
Toung. H.t. 661, S2S
Toung. J. 651
Toung. L. 213
Tonng, L.J.T. 125. 831 . 412
lount, B.J. S33
Tuhas. J.B. (Ed.) £2i
Tanker. C.E. §ii

Zacbacchuk. C.B. 669
ZaharoT, I. 301
Zalta, I.H. 451
Zanecnik, P.C. 310. 589. 816, £12
Zanick, D. 354
Zavadova, B. 177
Zeve, T.H. a. 270. S15
Ziegler. J.L. 24
ZisBersan. E. 77
ZiDkeaagel, B.H. fill, &*&
Zur Bausen, U. 171, 172

M

1232



B. SUMMARY REPORT
1. a. OFFICE OF BIOHAZARD SAFETY

The Office of Biohazard Safety (OBS) defines the risk potential to the

laboratory worker and his contacts from research with oncogenic viruses and
chemical carcinogens. This assessment is based on an analysis of the

physiological status of the potential host, research techniques employed and

the type of equipment utilized. Based on this assessment, this office
developes practical control measures to minimize such biohazards and dissemi-
nates this information to the Viral Oncology Program in-house and contract
personnel as well as the general scientific community.

This office developes safety standards for the proper handling of viruses and
assists extramural program personnel in implementing these standards. We
provide educational and technical assistance on viral cancer research safety

matters as well as developing laboratory data for assessment of risk
associated with viral oncology research. The task of providing protective

measures to prevent laboratory acquired infection in the course of studying
oncogenic viruses is often arbitrary and difficult because the oncogenic
viruses currently used in the laboratory have not been implicated in tumor

induction in man. It is conceivable that under the proper conditions, an

agent infectious to man will be isolated. In view of this difficulty of

defining risk based on current knowledge, it is necessary that protective

measures be applied to assure that individual laboratory workers and their

contacts are not inadvertently exposed to oncogenic viral agents. This can

be accomplished by practicing proper laboratory controls, and thereby, also

reducing the possibility of cross-contamination. Background data is obtained

by the performance of applied research in areas of air mass dispersion and

dilution of gaseous and microparticle aerosols in confined ventilated spaces,

as found in biomedical research laboratories.

The dilution of air borne contaminants in an enclosed work space provides

significant data in determining exposure levels and the assessment of health
hazards of exposure to such infectious and toxic agents. This office also

obtains data on means of surface and air decontamination of oncogenic viral

material as well as tumor tissues. The potential hazards of liquid nitrogen

preservation of biological material, its survival and cross-contamination
potential while stored is similarly under study. Survival and transmission
of oncogenic viruses via air borne routes as well as by shedding, in urine,

feces, dander, etc., are being studied. This office serves as a focus for

the collection, maintainance and, when necessary, testing of sera obtained

from in-house and contract research personnel. Information relevant to the

individual's serology and microbial exposure is collected, analyzed and

integrated in a computer system. The OBS provides medical evaluation of all

in-house research personnel, providing annual medical examination, laboratory

evaluation and subsequent computer integration of this information.

To further minimize laboratory associated cross contamination, periodic
laboratory survei lance of contract laboratories is carried out. Renovation
and construction plans are reviewed by this office to assure that facilities
meet NCI safety standards and that optimum microbiology research facilities
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are obtained with the minimuni federal expenditure. All contract proposals of
the Virus Cancer Porgram are reviewed by this office to assure, as best as
possible, that protocols and facilities minimize potential exposure hazards.

In order to obtain laboratory data of particular concern to a safety
oriented organization, this office has assigned to it a research section.

Biohazards Research Section

In view of the complexity associated with viral oncology research and since
both the host and the viral agent contribute to the potential malignant
expression in the host, risk assessment studies particularly as these are
modified by host physiology are investigated by the Biohazards Research Sec-
tion (BRS), These studies particularly take cognizance of hazards associated
by fluctuations in normal physiology that are routinely encountered in the
average laboratory worker. Examples of such fluctuation in normal physiology
that might contribute to enhanced risk to oncogenic viral infection or expres-
sion are seen in conditions such as concurrent viral and bacterial infections,
immune suppression by hormone therapy, such as oral contraception, as well as

suppression by other types of medication. Mormal physiological statue such
as pregnancy also are known to alter the immune responses of the host as well
as modifying the metabolic state.

Since these types of modifications are not normally investigated in a viral
oncology laboratory and are not viewed routinely as risks, this section
performs research in these areas in order to provide safety information of
direct applicability to in-house and contract research personnel. Collabora-
tive efforts with other contractors of the Virus Cancer Program, such as the
Ohio State University and the Southwest Foundation for Research and Education,
allows studies to be carried out with a variety of animal species from rodents
through primates. Specifically, studies are in progress to elucidate the
mechanisms involved in host immunocompetence during endocrine imbalance as
seen in pregnancy and fertility contraception. Type C viral expression
during stages of gestation in rodents, feline and primates are also under
study to determine the risk associated to the host. The potential beneficial
significance of type C virus expression during gestation are also under
active study. In collaboration with segments of the chemical carcinogenesis
area, risk studies with chemical carcinogens, their interaction with the host
and his modified physiology and how this relates to oncogenic viral expres-
sion and action, are also being investigated.

Results obtained from these types of studies will permit us to determine if
certain individuals are at greater risk than others when exposed to

oncogenic viruses. This then permits a logical decision to be reached as to

the disposition of such individuals performing viral oncology research,
during such altered or modified physiological states.

•
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SUMMARY OF WORK (200 words or less - underline keywords)

The objectives of these projects are to: l) develop equipment for use by

investigators in Viral Oncology, 2) develop narrated, slide presentations for

use by intra- and extra-mural members of oncogenic virus research on the hazards

of laboratory procedures and equipment, 3) develop a training workshop for

"Certification of Biological Safety Cabinets", 4) prepare monographs and_

safety notes on current hazards that occur within the laboratory, 5) assist

in the development of standards for production and procurement of Class II

biological safety cabinets , 6) provide consultation services on biohazards to

Viral Oncology intra- and extra-mural personnel.
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Project No. Z01-CP-4800-04-ADV0 W
Project Description

Develop equipment for use by investigators in the Virus Cancer Program (VCP).

Develop narrated slide presentations for use oy intra- and extra-mural
researchers performing oncogenic virus research on the hazards of laboratory ^B
procedures and equipment. ^^

Develop a training workshop for "Certification of Biological Safety Cabinets."

Prepare monographs and safety notes on current hazards that occur within
the laboratory.

Assist in the development of standards for production of Class II biological
safety cabinets.

Provide consultation services on biohazards to Viral Oncology Program intra-
and extra-mural personnel

.

Methods Employed :

Equipment designed, fabricated and evaluated to reduce the potential exposure
of personnel to low and moderate risk research materials includes (a) a ^^
necrospy hood, (b) a primate containment system for use in existing facili- t^'i
ties, (c) a prototype incubator Class II (Laminar Flow) Biological Safety
Cabinet, and (d) an isolator for disposal of animal bedding prior to

sterilization, for low risk materials only. Methods used to evaluate equip-
ment developed were by using biological tracers; tracer smoke measurement of

air flow velocities and field evaluation by users.

Slide cassette programs narrative scripts were reviewed, edited and arrang-
ments made for slide preparations. To date the following slide cassette
programs have been produced: (1) "Assessment of Risk in the Cancer Virus
Laboratory," (2) "Effective Use of the Laminar Flow Biological Safety
Cabinets;" (4) "Certification of Class II (Laminar Flow) Biological Safety
Cabinets;" and (5) "Hazard Control in the Animal Laboratory."

Developed a training workshop manual on how to perform certification and
testing of Laminar Flow Biological Safety Cabinets to prevent exposure of
personnel when performing low and moderate risk oncogenic virus research.
Conducted four training workshops for the Viral Oncology Program contract ^.
personnel

.

^B
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Developed an information program to explain in detail the general practices
that need to be accomplished to be in compliance with the "National Cancer

Institute Safety Standards for Research Involving Oncogenic Viruses."
Drafts of nine safety monographs were prepared and reviewed^ a format was

established for publication of these monographs. Two safety notes were

prepared and distributed which covered specific research information on

hazardous operations encountered in the laboratory. This mechanism is used

to provide information in a timely fashion without delay normally encountered
in using journal publication methods.

The Office of Biohazard Safety (OBS) was instrumental in establishing a

committee to develop national standards for the fabrication and certification
of Class II (Laminar Flow) Biological Safety Cabinets. The committee
comprised of representatives of government, industry and academic institutions
met several times during the year. The standards are in the final stages of

production which will be adopted nationally for the fabrication of those
cabinets which are to bear the National Sanitation Foundation seal. Any

cabinet bearing this seal will represent a design that is certified to

provide a level of protection to the research worker for low and moderate

risk oncogenic work. The National Sanitation Foundation (NSF), an independent

non-profit organization, will administer the control of the program at no cost

to the National Cancer Institute,

Major Findings :

The equipment developed proved to be satisfactory, except for the bedding
isolator, which needs to be redesigned for special arrangements and physical

limitations of personnel. Because of its broad use implications, input from

other NIH personnel has been solicited. Five cassette programs have been
produced and the response for and use of our program has been very successful

in providing information in a timely fashion to research personnel.

One hundred and fifty persons have been trained on the methods to be used to

certify that a biological safety cabinet can be used for personnel and

product protection. Requests for information concerning biohazardous opera-

tions has received extensive distribution beyond the level anticipated as

indicated by the provision of approximately 1500 mailings in rei^ponse to

requests. This represents in excess of 5500 pieces of separate information

being sent out by the Viral Oncology Program. The National Sanitation
Foundation Standards Committee is presently planning to issue and adopt the

standards in July 1976.

Significance to Biomedical Research and the Program of the Institute :

The effect of these projects indicate improved awareness among the intra-
and extra-mural program personnel on the aspects of biological research
safety in laboratory procedures, equipment design and use, facility design,
construction and use.
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Information obtained by the staff of the office indicates that there is a

need for continuation in providing information on biological safety in an

expedient manner.

Proposed Course :

Based on the number of requests for information and the improvement as seen
on site visits in the Safety and Environmental Control Program, these programs
are to be continued.

Publications :

None

#

«
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SUMMARY OF WORK (200 words or less - underline keywords)

The expression of endogenous type C RNA-viral genes in mammalian tissues
under the influence of hormones are being investigated. Current studies
include: 1) the identification of the level, i.e. transcriptional or
translational , which estrogen hormones control in the expression of viral
genes in the NIH/Swiss mouse u terus by nucleic acid hybridization ;

2) the expression of viral genes during embryological development;
3) the association between endocrine changes induced in the pituitary -

adrenal axis by oophrectomy and oncornaviral genes in the etiology of
adrenal carcinoma in mice.
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Project Description

Objectives :

To elucidate the control mechanisms for expression of endogenous type C RNA
viral genes during embryonic development and under physiological stimuli,
such as steroid hormones, and to determine the function that such genes may
have in the control of cellular differentiation and carcinogenesis.

Methods Employed :

Type C RNA viruses were purified by standard procedures. Unlabeled and
labeled high molecular viral RNA was prepared from these viruses. DNA
complementary to the viral RNA (cDNA) was synthesized by means of the

endogenous reaction of RNA-directed-DNA polymerase (RDDP) and characterized
by sedimentation velocity gradients, gel filtration chromatography and

cDNA-viral RNA molecular hybridization. RNA was prepared from animal tissues
by the detergent-phenol method and was hybridized to cDNA. DNA was prepared
by the urea method, sonicated to small fragments and its size determined by

alkaline sucrose gradients. The unique and repetitive fractions of the DNA
was prepared by reannealing the fragments to a Cot of 200, followed by
hydroxyl apatite chromatography. Labeled viral RNA was hybridized to the DNA
fractions.

Hybrids were analyzed by nuclease S^ hydrolysis when cDNA was used and by

ribonuclease A when labeled viral RNA was used.

Ovariectomized animals were injected intramuscularly with estrogen hormones.

Major Findings :

Sequences complementary to cDNA prepared from endogenous type C viruses have
been detected in RNA extracted from uteri of estrogen treated ovariectomized
NIH/Swiss mice and from 7 day old NIH/Swiss embryos. In both of the above
tissues, viral RNA is present in small amounts, comprising about 0.001% of
the total RNA.

cDNA prepared from the AT-124 NIH xenotropic virus in a long (48 hr)

endogenous RDDP reaction failed to hybridize to RNA from NIH/Swiss and NZB
mice. In a short (1 hr) reaction cDNA associated with 70S RNA was not
observed. The reasons for failure of RDDP from xenotropic virus to copy the
viral template is still being explored.

A new viral isolate from the NIH/Swiss uterus was shown to possess a high
molecular weight RNA which is complementary to sequences found in the unique
fraction of NIH/Swiss mouse DNA.

Cystic endometrial hyperplasia associated with adrenal carcinoma has been
observed in aged ovariectomized NIH/Swiss mice. Overstimulation of the
adrenal glands by pituitary hormones could be implicated in the appearance
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of adrenal carcinonria. Preliminary results demonstrate the presence of type

C viral proteins in the malignant glands.

Significance to Biomedical Research and the Program of the Institute :

Previous work from this laboratory has shown that production of viral

proteins in the uterus of ovariectomized mice is modulated by estrogen

hormones. The presence of RNA hybridizable to cDNA of type C RNA viruses

after hormone treatment further indicates that viral genes are controlled

by endogenous host physiological stimuli. The availability of well defined

molecular species (proteins and RNAs) in this system could establish it as

a model for the study of the mechanism of steroid hormone action and gene

expression, particularly of endogenous viral genes. The presence of viral

gene copies in whole embryo provide further evidence for the operation of

host mechanisms in the induction of viral genes.

The appearance of adrenal carcinoma in ovariectomized animals suggests that

alterations in the endocrine environment of the host is involved either

directly or by modifying the expression of oncornaviral genes.

The elucidation of control mechanisms for viral genes under physiologic

stimuli may provide insight into the function of these viruses and into their

role in carcinogenesis.

Proposed Course :

The mechanism of expression of viral genes in the uterus of the NIH/Swiss

mouse win be further studied. Poly(A)-containing nuclear and cytoplasmic

RNA will be isolated by ol 1 go (dT) -cellulose chromatography and hybridized to

viral cDNA. The metabolism of viral RNA will be studied both as a function

of time after hormone administration and as a function of hormone dose and

availability of hormone-receptors. An attempt will be made to identify

estrogen-receptor binding sites in chromatin and DNA fragments carrying viral

genes.

The expression of viral genes in embryonic tissues will be studied throughout

embryogenesis.

The association of pituitary hormones and oncornavirus genes in the Induction

of adrenal carcinoma in ovariectomized NIH/Swiss mice will be studied by

relating the levels of these hormones to the expression of viral genes in

the adrenal glands in intact and ovariectomized and/or hypophysectomized

animals.

Publications :

Strickland, J.E., Saviolakis, G.A., Fowler, A.K., Kouttab, N.M. and

Hellman, A.: Impaired Estrogen-mediated Production of Type C Viral DNA

Polymerase in Aged NIH Swiss Mouse Uteri. Proc. Soc. Exp. Biol. Med .,

(In Press).
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j

Risk assessment studies in rodents, feline and primates as to the potential for
malignancy during a variety of normal physiological states are under investi-

j

gation. The influence of pregnancy as well as other states of immunological

I

suppression and association of this to viral induced malignancy, suggest
response modification of the host during such normal physiological conditions.
The expression of type C viral information by hormone and immunological
fluctuations associated with reproductive processes justifies further studies
to ascertain the risk of such a state to the laboratory worker.
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Project Description

Objectives :

1. Determine the risk to the host of exposure to oncogenic viruses during
states of endocrine imbalance and exposure to potential carcinogens and
environmental pollutants.

2. Evaluate the significance of type C viral expression in reproductive
tissues during pregnancy.

Methods Employed :

Animal exposure to oncogenic viruses prior to and during pregnancy is

evaluated by in vitro focus assays, radioimmune assays, enzymes assays and
by cellular and humoral host responses. In vivo assays are evaluated by

spleen focus assays, splenomegaly and general health of the animal.
Similarly exposure to carcinogens, pollutants and physical agents in

conjunction with viral exposure are evaluated by chemical, chromatography,
animal bioassays and conventional virological techniques, previously
mentioned.

Major Findings :

Exposure of several strains of mice to tumor viruses demonstrate significant
variability in response, dependent on the state of pregnancy of the animal.
These observations suggest a lower degree of susceptibility to viral

infection during later stages of pregnancy than early stages. Preliminary
evidence indicates in utero infection of the fetus by oncogenic agents.

The observed viral expression occurring during mammary tumor induction in

rodents by DMBA, suggest a derepression of oncogenic viral information
induced by the chemical carcinogen and provides further circumstantial
evidence for the contribution of tumor viruses to the overall oncogenic
process.

Expression of xentropic viruses during early stages of feline gestation both
in the uterus, fetus and placenta, as well as similar observations described
in a wide variety of species, including man, suggest a possible physiological
function for such viruses.

Significance to Biomedical Research and the Program of the Institute :

The observed expression of xenotropic viruses that are under estrogen control
and are expressed during gestation in tissues of the reproductive system
(uterus, placenta and conceptus) suggests an important physiological function
for such viruses. Determining virus involvement in tissue differentiation
and in allograft (fetal) acceptance will provide insight or potential risk
of such agents expressed during reproduction.
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The significance of an altered pathogenic and infectious course brought
about during pregnancy as well as the noted transplacental infection of the
fetus suggest more stringent precaution to be taken by expectant mothers

!

working in viral oncology research laboratories.

Proposed Course : ^^
'

A greater definition of the potential beneficial function of type C viruses ^^
during reproduction as well as the increased risk of exogenous exposure to

oncogenic viruses will be further investigated by biochemical and immuno-
j

logical parameters.
;

i

Publications :
I

1

Kalter, S.S., Heberling, R.L., Hellman, A., Todaro, G.J. and Panigel, M.:
j

Viruses in the transmission of cancer: C-type particles in the baboon
]

placenta. Proc. Roy. Soc. Med . (London) 68: 135-140, 1975. ;

Kalter, S.S., Heberling, R.L., Helmke, R.J., Panigel, M., Smith, G.C., !

Kraemer, D.C., Hellman, A., Fowler, A.K. and Strickland, J.E.: A
\

comparative study on the presences of C-type viral particles in
i

placentas from primated and other animals. Bibl. Hem . 40: 391-401, 1975.
j

Kalter, S.S., Heberling, R.L., Smith, G.C., Panigel, M. , Kraemer, D.C., ^» i

Helmke, R.J. and Hellman, A.: Vertical transmission of C-type viruses: wM
j

Their presence in baboon follicular oocytes and tubal ova. J. Natl .
-

|

Cancer Inst . 54: 1173, 1975.
i

I

Strickland, J.E., Fowler, A.K. and Hellman, A.: Comparison of RNA- :

directed DNA polymerases from xenotropic and ecotropic viruses. j

Biochem. Biophys. Res. Commun . 65: 1123-1129, 1975.

Hellman, A., Fowler, A.K., Strickland, J.E. and Kouttab, N.M.: A Possible
Physiological Function for Type C RNA Viruses. In Clemmesen, J. (Ed.): I

Proceedings of the Vllth International Symposium for Comparative Research on '

Leukemia and Related Diseases . Basel, Switzerland, S. Karger AG, (In Press).

Strickland, J.E., Saviolakis, G.A., Fowler, A.K., Kouttab, N.M. and -j

Hellman, A.: Impaired estrogen-mediated production of type C viral DNA
polymerase in aged NIH Swiss mouse uteri. Proc. Soc. Exp. Biol. Med ., 'i

(In Press).

t
1244



MITHSONIAM SCIENCE INFORMATIOIM EXCHANGE!
ROJEGT NUMBER (Do NOT use this space)

U.S. DEPARTMENT OF

HEALTH, EDUCATION, AND WELFARE
PUBLIC HEALTH SERVICE

NOTICE OF

tNTKAHURAL RESEARCH PfiOJECT

PROJECT NUMBER

Z01-CP-04807-06-ADV0

ERIOD COVERED
July 1, 1975 to June 30, 1975

riTLE OF PROJECT (80 characters or less)

Immunocompetence and Susceptibility of Animal Systems to Oncogenesis

JAMES, LABORATORY AND INSTITUTE AFFILIATIONS, AND TITLES OF PRINCIPAL INVESTIGATORS AND ALL OTHER

PROFESSIONAL PERSONNEL ENGAGED ON THE PROJECT

Head, Biohazards Research Section OBS NCI
Chief, Office of Biohazard Safety OBS NCI
Visiting Fellow OBS NCI
Senior Staff Fellow OBS NCI
Senior Staff Fellow OBS NCI
Microbiologist OBS NCI

PI: A. K. Fowler
OTHER: A. Hellman

N. M. Kouttab
J. E. Strickland
B. N. Sun
P. T. Allen

COOPERATING UNITS (if any)

Southwest Foundation for
Research and Education
San Antonio, Texas

Ohio State University
Dept. of Veterinary Med.

Columbus, Ohio

Litton Bionetics, Inc.

Fred. Cancer Res. Ctr.

Frederick, Maryland
.AB/BRANCH Qffice of the Associate Director, Viral Oncology Program

Office of Biohazard Safpty
:ECTION

Biohazards Research Section
NSTITUTE AND LOCATION Division of Cancer Cause and Prevention

NCI, NIH, Frederick, Maryland 21701

rOTAL MANYEARS:

2.0

PROFESSIONAL:

0.8 1.2
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The development of an in vivo system permitting the control of virogene
marker expression by the manipulation of the host's endocrine and immunological
balances now provides a model to comprehensively examine the relevance of
viral information in tuEBori genesis in host/graft ( maternal /fetal ) interactions
and in embryological development. Efforts will be concentrated on physiological
and immunological mechanisms as they interact with host genetics and immuno-
competence in the induction and regulation of virus expression .
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Project Description

Objectives :

To define and characterize physiological and genetical mechanisms contribut-
ing to host immunological regulation and to elucidate their role in oncogenic
expression. To examine the significance of oncornaviral information in

reproductive and conceptus tissues and the relevance of hormonal and/or
immunological events in modifying its expression.

Methods Employed :

The in vivo and in vitro activation of virus or enhanced oncornaviral protein
expression by a variety of physiological stimuli is being characterized using
conventional methods: type C RNA tumor viral proteins (MuLV p30, RLV
gp69-70, FeLV p27, RD114 p28) by radioimmune assay, immunofluorescence; gel

precipitation and polyacrylimide gel electrophoresis; RNA-directed DNA
polymerase by biochemical, biophysical and serological methods; viral enum-
eration by electron microscopy and by in vitro cocultivation assays. These
criteria of viral detection are being studied concomitantly with various
parameters of host immunocompetence. These include the in vivo maternal/
conceptus interactions and delayed hypersensitivity reactions, as well as
in vitro one-way and two-way mixed lymphocyte reactions and the in vitro
response of lymphocytes to specific and non-specific antigenic stimulation.

Major Findings :

Pregnancy results in a bi-phasic increase in total type C viral p30 in the
uteri of NIH Swiss mice. The first, a two-fold increase (0.37 j^ yg/uterus--
precoitus vs_0.77 + 0.21 ug--postcoitus), occurs shortly after mating (< 4

days) and the second, which culminates as a ten fold increase over premating
levels occurs during the terminal week of gestation. Electron microscopy
and immunofluorescence localizes virus expression in the secretory epithelium
where mature particles are readily seen in the intercellular spaces of the

endometrium, as well as budding from epithelial cells proximal to the basal

lamina. There is little evidence of virus expression in the connective
tissue stroma or in the myometrium. Significantly, the initial increase in

total uterine p30 coincides with a very active luminal and glandular epithe-
lia proliferation. Similarly, during this period, viral p30 concentration
and RNA-directed DNA polymerase activity are elevated, but in contrast to

total uterine p30, both subsequently decline very rapidly. These trends have

also been observed recently in C57L mice, a strain in which virus expression
is highly repressed. Following the initial surge of epithelial cell division,
coinciding with enhanced virus expression, there is an abrupt reversal in

this pattern so that cell proliferation is almost entirely confined to the

stroma. It is reasonable to assume this reversal and a general myometrial
hypertrophy, also occuring during pregnancy, results in the observed decrease
in both RNA-directed DNA polymerase activity and p30 concentration since
there is no evidence of their participation in virus expression. Two virus
Isolates from the NIH Swiss uterus, having xenotropic characteristics, are
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now being maintained and propagated for further characterization. Prelim-
inary data indicate these viruses replicate in relatively high titer.

More recently, we have demonstrated the presence of p30, but not gp69-70
(RLV), in NIH Swiss placental tissue, as well as in the embryo and fetus.
Similar studies (in collaboration with Dr. Richard Olsen, OSU) have also
shown the presence of p28 (RD114) in feline placental, embryonic and fetal

tissues. In some cases strong cross-reactivity with p27 (FeLV), as well as

a weak interspecies cross-reactivity with p30 (MuLV) have been noted. These
studies are continuing.

Significance to Biomedical Research and the Program of the Institute :

The essential role of host immunity, as dictated by genetic and environmental
control mechanisms, in the etiology of some if not all cancers, has become

increasingly apparent during recent years. The concept that degradation of

natural immunity processes under certain environmental and/or physiological

stresses precedes or is concomitant with infection by oncogenic viral agents
is not new, although it remains poorly defined. The frequent implication of

host physiology in the development and pathogenesis of cancer, as well as its

involvement in host immunocompetence, points to the need of further research
directed toward elucidating the biochemical mechanisms and the degree of

their participation in these phenomena as a prerequisite to the development
of means to control human cancers.

Proposed Course :

The development of an in vivo system permitting the control of virogene
marker expression by the manipulation of the host's endocrine and immuno-
logical balances now provides a model to comprehensively examine the
relevance of viral information in tumorigenesis and in host/graft (maternal/
fetal) interactions. Efforts will be concentrated on physiological and
immunological mechanisms as they interact with host genetics and immuno-
competence in the induction and regulation of virus expression.

Publications :

Kalter, S.S., Heberling, R.L., Helmke, R.J., Panigel, M., Smith, G.C.,
Kraemer, D.C., Hellman, A., Fowler, A.K. and Strickland, J.E.: A comparative
study on the presences of C-type viral particles in placentas from prima ted

and other animals. Bibl . Hem . 40: 391-401, 1975.

Strickland, J.E., Fowler, A.K. and Hellman, A.: Comparison of RNA-directed
DNA polymerases from xenotropic and ecotropic viruses. Biochem. Biophys .

Res. Commun . 65: 1123-1129, 1975.

Hellman, A., Fowler, A.K. , Strickland, J.E. and Kouttab, N.M.: A Possible
Physiological Function for Type C RNA Viruses. In Clemmesen, J. (Ed):

Proceedings of the Vllth International Symposium for Comparative Research on

Leukemia and Related Diseases . Basel, Switzerland, S. Karger AG, (In Press).
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Strickland, J.E., Saviolakis, 6. A., Fowler, A.K., Kouttab, N.M. and

Hellman, A.: Impaired estrogen-mediated production of type C viral DNA

polymerase in aged NIH Swiss mouse uteri. Proc. Soc. Exp. Biol. Med . (In

Press).
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The purpose of this project is to study physiological mediators that influence
in vivo and in vitro B and T cell functions. Present studies include:
Ty the isolation and characterization of inhibitor(s) of lymphocyte blasto-
genesis in vitro found in placenta and gravid uteri of mice; 2) the relationship
of the inhibitor(s) to observed virus expression in these tissues and their
possible participation in allograft (fetal) acceptance; 3) the investigation of

events that lead to interactions of virus or viral components with cells, and
the consequences of such interactions.
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Project Description

Objectives :

To elucidate the mechanisms involved in allograft acceptance with emphasis
on the role of immunological and hormonal mechanisms in this process and to
investigate the role of oncornaviral information in this event.

To identify Friend virus target cells to study virus-cell interactions.

Methods Employed :

The mechanisms for allograft acceptance are being examined by in vivo and
in vitro techniques. Manipulation of immunological and hormonal phenomena
provides a method to assess their involvement in immunological suppression
as measured by host vs graft (maternal -fetal ) reactions. Techniques include
lymphocyte blastogenesis in vitro by mitogens and allogeneic cells as well
as cytotoxicity assay in tRe presence or absence of physiological immuno-
suppressants.

The consequence of cell-virus interaction is investigated by histological
techniques, as well as by humoral and cellular immunity.

Major Findings :

High and low molecular weight fractions which suppress lymphocyte reactivity
in vitro were found in uterine and placental tissue extracts. The high
molecular weight fraction is present at low concentrations in uteri of
virgin mice, but increases significantly during gestation. Analysis of
this fraction shows it to contain immunoglobulin G as well as viral proteins.
Due to the increase in the suppressive properties of this fraction during
gestation, the participation of its components in fetal acceptance is being
investigated.

It is clear that the main target cell for Friend virus is the bone-marrow
derived (B) cell. Studies with mice that have been treated in a manner to

eliminate the thymus-derived (T) cells succumb more readily to leukemia
than mice with normal T cell counts. Furthermore, mice suppressed since
birth with anti-y fail to develop leukemia when injected with Friend virus.
This implies that cells in the early stage of antibody producing lineage
are susceptible to the virus and by killing or blocking these cells with
anti-y the virus fails to produce leukemia.

Significance to Biomedical Research and the Program of the Institute :

Failure of the host to reject cancer tissue may be due to mechanisms that
are similar to those operative in allograft acceptance. Thus identification
of these latter mechanisms may provide insight into the escape of cancer
tissue from destruction by host immunological defenses.
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Identification of target cells and defining their interaction with type C

RNA viruses will provide information on the nature and crucial properties
of "target cells" that allow such interactions. Furthermore, it provides a

means to investigate host immunological surveillance mechanisms modifying
viral expression that may participate in normal and abnormal cellular growth

and differentiation.

Proposed Course :

In vitro methods will be developed to study the presence of mediators that

may be responsible for protection of the fetus from rejection. Attempts
will then be made to identify these mediators and their mechanisms of
action.

The events that lead to cell-virus interaction will be examined by in vivo
and in vitro techniques. We will then investigate the consequences of such

interactions and how they may be modified.

Publications :

Hellman, A., Fowler, A.K., Strickland, J.E. and Kouttab, N.M.: A Possible
Physiological Function for Type C RNA Viruses. In Clemmesen, J. (Ed.):

Proceedings of the Vllth International Symposium for Comparative Research on

Leukemia and Related Diseases . Basel, Switzerland, S. Karger AG, (In Press),

Strickland, J.E., Saviolakis, G.A., Fowler, A.K., Kouttab, N.M. and
Hellman, A.: Impaired estrogen-mediated production of type C viral DNA

polymerase in aged NIH Swiss mouse uteri. Proc. Soc. Exp. Biol. Med .,

(In Press).
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SUMMARY OF WORK (200 words or less - underline keywords)

The long range objective of this project is to study the mechanism controlling
the expression of endogenous viral genes by normal physiological stimuli such
as hormones. Present studies include: (1) the characterization of viral
precursor molecules found in the NIH Swiss mouse uterus following estrogen
stimulation; (2) the influence of age and hormone on end organ expression of
virus information; (3) the mechanism of RNA-directed DNA polymerase and viral

70S template-primer interaction; (4) the comparison of DNA polymerases from
several different type C RNA viruses ; (5) the relationship between endocrine
changes produced* by ovariectomy and adrenal carcinoma in aged NIH Swiss mice.
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Project Description

Objectives :

To determine the response of type C RNA virus gene products in mammalian
hormone target tissues to normal physiological stimuli such as hormone
treatment and in such states as pregnancy and old age, to identify the role
of viruses and viral proteins in normal mammalian physiology, especially in

reproduction and differentiation, and to elucidate the control mechanisms
of viral gene expression in mammalian tissues. To characterize the nature
of the initiator for DNA synthesis on the viral RNA genome of viruses of
several species.

Methods Employed :

Gel filtration and ion exchange chromatography, sedimentation velocity and

isopycnic centrifugation, combined with several template-primers and specific

antisera have been used to identify, purify, and characterize RNA-directed
DNA polymerase. These techniques in combination with competitive radio-
immunoassay, fluorescent antibody, and tissue culture infectivity assay
are used to assess changes in virus and viral protein expression associated
with pregnancy and with aging in mice.

Major Findings :

In aged (2.0-2.5 years) NIH Swiss ovariectomized mice, uterine p30
production in response to estrogen was similar to that seen with young
animals while in contrast to results with young mice viral DNA polymerase
did not respond in the old animals. This indicates that the control
mechanisms for expression of these two viral proteins are different and is

consistent with reports that p30 and "reverse transcriptase" are part of

different precursor molecules. A high percentage of old, ovariectomized
mice exhibited enlarged adrenal glands which were shown histologically to

contain carcinomas. Since it is known that adrenal hormones modify estrogen
effects, and we have shown that cortisone can partially block estrogen-
mediated viral protein enhancement, it is possible that abnormal hormone

secretion by the adrenal carcinomas contributed to the observed results.
The p30 levels of these tumors did not differ from those of normal control

adrenal glands. The uterus in aged, untreated, ovariectomized mice showed
typical estrogen-stimulated histology suggesting a supplemental endogenous
estrogen source, perhaps the adrenal glands. These uteri were characterized
by numerous endometrial cysts and an abundance of connective tissue.

Two consecutive daily estradiol or diethyl stilbestrol injections were as

effective as long-term treatment in elevating uterine viral protein levels

in NIH Swiss ovariectomized mice.

In contrast to stimulatory effects that have been reported by others,
purified Rauscher murine leukemia virus (R-MuLV) p30 (10 yg/ml ) had no

effect on the activity of DNA polymerase from this virus. \
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ONA polymerases from mouse-tropic and xenotropic mouse viruses were found

to be indistinguishable based on inhibition by antisera against purified

enzymes from R-MuLV and NZB virus.

R-MuLV DNA polymerase, when lysed in the presence of uterine homogenates,

occurs as a high molecular weight form, apparently identical to that we

previously reported in the estrogen-treated uterus.

Significance to Biomedical Research and the Program of the Institute :

Regular variations in levels of type C viral proteins in reproductive

tissues during gestation suggests a role for these viruses in normal

physiology, perhaps in differentiation or prevention of immunological

rejection of the fetus. Oncogenic viruses may be variants of xenotropic

agents with normal functions. Elucidation of mechanisms controlling

expression of this information may offer hope of manipulation of expression

for therapeutic purposes.

Proposed Course :

Studies by labeling in vitro after in vivo estrogen treatment are in progress

to characterize the p30 precursor molecules produced by the uterus and gain

some insight into the maturation sequence of this protein.

We plan to investigate the possibility that the larger molecular weight
RNA-directed DNA polymerase found in mouse uterus is the native but unstable

form of the enzyme and that the form usually found in virus is a breakdown

product which can still carry out many enzyme functions, similarly to the

a 6 subunits of avian virus polymerases.

The nature of tRNA initiators for DNA synthesis on 70S viral RNA templates

will be investigated for viruses from several species. Specifically, the

interaction of initiators with homologous and heterologous viral polymerases

will be characterized.

We will continue characterization studies of an inhibitor of in vitro

lymphocyte transformation that is present in gravid mouse uterine and

placental tissues.

Publications :

Kalter, S.S., Heberling,*R.L. , Helmke, R.J., Panigel , M. , Smith, G.C.,

Kraemer, D.C., Hellman, A., Fowler, A.K.. and Strickland, J.E.: A comparative
study on the presence of C-type viral particles in placentas from primates

and other animals. Bibl. Hem. 40: 391-401, 1975.

Strickland, J.E., Fowler, A.K. and Hellman, A.: Comparison of RNA-directed
DNA polymerases from xenotropic and ecotropic viruses. Biochem. Biophys .

Res. Commun. 65: 1123-1129, 1975.
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Hellman, A., Fowler, A.K. , Strickland, J.E. and Kouttab, N.M.: A Possible
Physiological Function for Type C RNA Viruses. In Clemmesen, J. (Ed.):'
Proceedings of the Vllth International Symposium on Comparative Research on

Leukemia and Related Diseases . Basel, Switzerland, S. Karger AG, (In Press)

Strickland, J.E., Saviolakis, G.A., Fowler, A.K., Kouttab, N.M. and
Hellman, A.: Impaired estrogen-mediated production of type C viral DNA

polymerase in aged NIH Swiss mouse uteri. Proc. Soc. Exp. Biol. Med .

(In Press).
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A pyrimidine-requiring mutant isolated from Chinese hamster cell V79 has been
tested in various substrates involved in the pyrimidine biosynthetic pathway .

According to the growth behavior of the mutant cells, they do not grow in
carbamyl phosphate, carbamyl aspartic acid, dihydroorotate, orotic acid, and
ortate monophosphate (OMP), but do grow in UMP. The blockage in the pyrimidine
pathway seems to involve the enzyme OMP decarboxylase. Whether the genetic
defect is a consequence of a mutation in the regulatory gene or in the
structural gene is still to be determined by the construction of cell hybrid
between pyr" and human lymphocytes.
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Project Description

Objectives :

To establish an in vitro system for the study of gene regulation in

manmalian cells and by similar method study the influences Fv-1 locus has

on the capacity of different "tropic" forms of MuLV to replicate in a Chinese
hamster-mouse hybrid system.

Methods Employed :

Human chromosomes are preferentially segregated in the progeny of cell

hybrids formed between human and rodent cells. In an appropriate selective
medium it is possible to retain a specific human chromosome carrying the
wild- type allele that compensates the mutant allele in the rodent genome.

A pyrimidine-requiring mutant of Chinese hamster V79 cells deficient
in OMP decarboxylase is used to fuse with human lymphocytes. The regaining
of the ability to grow in pyri mi dine-free medium by the human-hamster hybrids

indicates that the introduced foreign gene may be either a structural gene
or a regulatory gene. The hybrids formed between Chinese hamster cells and

diploid mouse peritoneal macrophages segregate mouse chromosomes. However,
chromosomes 4 and 7 are preferentially retained at a level that cannot be

explained by chance alone. Chromosome 4 carries the Fv-1 locus, which in

the mouse governs the replication of certain tropic forms of murine leukemia
virus of the Gross type. Chromosome 7 possesses the Akv-1 locus, which is

believed to be a tumorigenic virus-integration site. It is possible that the

dosage of these markers might well influence the expression of tumorigenic
properties of cells mediated by tumor virus.

Major Findings :

Twenty-four human-hamster cell hybrids have been isolated from a series of
cell fusion experiments. They are all 2s hybrids made up of 2 sets of
hamster genomes and one set of reduced human genome. G-banding method
carried out on these hybrids determined the hybrid origin and identified
human chromosomes responsible for the rescue of the hamster mutant cells in

pyrimidine-deficient medium.

Significance to Biomedical Research and the Program of the Institute :

The somatic cell hybridization between hamster pyrimidine-requiring mutant
cells and human cells not only provides an unambiguous means for mapping
human OMP decarboxylase or the regulatory gene on human chromosome but also
makes the study of gene regulation in vitro feasible. The preferentially
retained mouse chromosomes 4 and 7 in the Chinese hamster-mouse hybrids
provides a unique opportunity to study the function of Fv-1 gene in tissue
culture system.
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Proposed Course :

A thorough study of the defective step(s) involved in the pyrimidine
biosynthetic pathway will be carried out by detailed enzymatic analysis in

addition to the use of various substrates as a detection method. A starch

gel electrophoresis method will be developed to separate human and hamster

orotate phosphoribosyltransferase and OMP decarboxylase. Other studies will

be initiated using Chinese hamster-mouse hybrids to study the factor(s)

governed by Fv-1 gene in tissue culture systems.

Publications :

Sun, N.C., Chang, C.C. and Chu, E.H.Y.: A rapid electrophoretic technique

for human and Chinese hamster galactokinase. Humangenetik 29: 351-353, 1975.
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Z01-CP-04816-02-ADV0

PERIOD COVERED

July 1, 1975 to June 30, 1976
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Dispersion and Dilution of Air Contaminants in a Ventilated Space

NAMES, LABORATORY AND INSTITUTE AFFILIATIONS, AND TITLES OF PRINCIPAL INVESTIGATORS AND ALL OTHER
PROFESSIONAL PERSONNEL ENGAGED ON THE PROJECT

PI: D. L. West Environmental Health Engineer OBS NCI

OTHER: None

COOPERATING UNITS (if any)
None

LAB/BRANCH Office of the Associate Director, Viral Oncology Program
Office of Biohazard Safety

SECTION

INSTITUTE AND LocATi oi»oi vi sion of Cancer Cause & Prevention
NCI, NIH, Frederick. Maryland 21701
TOTAL MANYEARS:

1.0
PROFESSIONAL!

1.0
OTHER:

0.0
SUMMARY OF WORK (200 words or less - underline keywords) Obj eCti VeS Of thi S reSearch prOJeCt
are (1) to characterize the dispersion and dilution of gaseous and small

-

particle aerosol contaminants within a confined, ventilated space that simulates
a biomedical research laboratory, or other work space, (2) to detect and describe
any deviations from the theoretical phenomenon of perfect mixing of contaminant
and air.

For experimental parameters of ventilation rate, contaminant source location,
and location of sample point, a tracer gas is released into a test space and
real-time measurements of gas concentration are made and recorded. The data are
statistically analyzed to (1) determine the spacial distribution of tracer gas

concentration and test for homogeneity of concentration at the different sample
points, (2) to determine the degree of mixing (measured by relative dilution
rates) at each sample point and test for homogeneity of mixing at the different
sample points. Results for combinations of the parameters are compared and
analyzed.

Experimental protocols will be developed for future studies of contaminant dis-

persion in laboratory and other work spaces under diverse conditions.
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Project Description

Objectives :

Objectives of this research are (1) to characterize the dispersion and
dilution of gaseous and small-particle aerosol contaminants within a confined,
ventilated space that simulates a biomedical research laboratory, or other ^
work space, (2) to detect and describe any deviations from the theoretical ^
phenomenon of perfect mixing of contaminant and air.

Methods Employed :

For experimental parameters of ventilation rate, contaminant source location,
and location of sample point, a tracer gas is released into a test space and
real-time measurements of gas concentration are made and recorded. The data
are statistically analyzed to (1) determine the spacial distribution of
tracer gas concentrations and test for homogeneity of concentration at the
different sample points, (2) to determine the degree of mixing (measured by
relative dilution rates) at each sample point and test for homogeneity of
mixing at the different sample points. Results for combinations of the
parameters are compared and analyzed.

Major Findings :

Prevailing tracer gas concentrations at different locations can often be ^K
found to be statistically different. However, the magnitude of the
differences are generally so small that they are of no practical consequence
with regard to personnel exposure and attendant health hazard. The location
of the source of tracer gas can have dramatic effects on the occurrence of
large but momentary spikes in concentration which are significantly above
prevailing values. The ventilation rate also affects the occurrence of spikes
in concentration. The degree of mixing (measured by relative dilution rates)
is homogenous throughout the space, but is inversely related to ventilation
rate.

Significance to Biomedical Research and the Program of the Institute :

The dilution of an air contaminant in an enclosed work space is an important
consideration in determining exposure levels and assessing health hazards of
exposure to a toxic or infectious agents. Heretofore, prevailing exposure
levels to airborne agents have been calculated (1) on the assumption of
perfect mixing, or (2) with arbitrarily selected mixing factors. The results ^^
of this project will help the health science researcher and the epidemiologist ^K
to more accurately evaluate personnel exposure to airborne agents, and will
assist the industrial hygienist and engineer to optimize the design of
building ventilation systems.

The repeated occurrence of spikes in concentration suggests that prevailing
concentration may not be a sufficient basis for assessing personnel exposure.
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The spikes in concentration observed in these experiments may represent a

significant additional component of exposure, previously unsuspected. Should
these peaks in concentration prove meaningful from a health standpoint, a new
health criterion for ventilation design may be desirable.

Proposed Course :

The health significance and contamination potential (e.g. to tissue culture
systems) of the concentration spike phenomena will be assessed.
Ventilation parameters that affect the occurrence of concentration spikes will
be studied with the objective of minimizing potential hazard while optimizing
efficiency of engineering design. Contaminant dispersion in laboratories
and work spaces will be studied for diverse conditions of ventilation,
contaminant release, local exhaust, containment equipment, occupancy and

personnel activity.

Publications :

West, D.L.: Dispersion and dilution of a gaseous contaminant in a ventilated
space. Ph.D. thesis submitted to the Graduate School, University of
Minnesota, Minneapolis, Minnesota, 1976.
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SUUMARX OF WORK (200 words or less. - uoderline keywords)

. . , , , . , .

Ml virus Cancer Program (VCP) contracts scheduled for presentation and review
have been reviev\/ed for the purpose of identifying the need for biohazard equip-

Tient and recommendations have been made to the contractor to insure minimum
hazard to the laboratory worker and maximum protection against cross contamination]

Site visits have been conducted at selected VCP contract laboratories and problem
areas in biohazard and contamination control have been identified, A computerize

serum collection program has been initiated and technical biohazard and environ -

Tiental control information and literature have been provided on request to VCP

contractors as well as other investigators. Technical assistance and guidance on

biohazard control and containment systems and safe operating procedures have
been provided as well as consultation on new facility and engineering design.

1262
PHS-6040



Project No. Z01-CP-04966-01-ADV0

Project Description

Objectives :

The Office of Biohazard Safety (OBS) has the responsibility to identify and

assess all potential biohazards relating to laboratory facilities, equipment

and orocedures utilized by research contractors of the Virus Cancer Program
(VCP) and to provide specific recommendations and technical assistance as

needed to insure a laboratory environment which promotes minimum hazard to
the laboratory worker and maximum control of cross contamination.

Specific objectives include: a) evaluation of all research contract proposals

for deficiencies in biohazard control and containment, b) direct, conduct and

coordinate the biological safety and environmental control survey program,

c) direct and coordinate the VCP medical surveillance program, d) provide
guidance and technical assistance to all program managers of the VCP as well

as interested investigators in research centers, university, industry and

other government agencies, and e) develop, review and disseminate biohazard
information.

Methods Employed :

Contract proposals are reviewed and evaluated for the purpose of identifying
potential biohazards associated with implementation of proposed work and for
noting deficiencies in the contractors safety program. Efforts are also
directed to delineate problem areas where cross contamination is likely to

occur. Where needed, the acquisition of biohazard equipment, changes in

operational procedures and/or modification in facility design is recommended.
Representatives from the OBS then attend a review of the individual proposal

by the VCP Scientific Review Committee at which time specific recommendations

as outlined above are made.

The safety and environmental control survey team consists of staff personnel
and consultants with individual expertise in virology, biohazard safety and

engineering. The survey team is headed by a member of the OBS and is usually
accompanied by the project officer who briefs the team on work scope and

areas of possible concern. The team meets with the principal investigator,
his staff, a facility engineer and a representative of the contractors safety
group. The principal investigator operationally describes the project and
identifies the functional laboratory units and their interactions. Informa-

tion solicited includes 1) types and quantities of viruses and cell lines
employed, 2) personnel and operational safety practices, 3) available
biohazard equipment (Class I and II safety cabinets, autoclaves, etc.),
and 4) compliance with the "National Cancer Institute Safety Standards for

Research Involving Oncogenic Viruses." The OBS representative describes
the service aspect of the survey and other support activities available to
VCP contractors. After the meeting, a comprehensive survey of the facility
and operations is made and the team reconvenes with the principal investiga-
tor to identify major difficiencies and recommend resolution of problem areas.
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Individual reports are prepared by eacn member of the survey team and after a

general discussion thereof a letter containing specific recommendations for
improving biohazard control is sent to the principal investigator with a

copy forwarded to tne project officer, contract specialist, and Associate
Director for the VCP.

The OBS directs and administers a blood collection program in which sera is

collected from research personnel directly associated with the VCP. These

samples are stored by NCI at a contract facility and will be used for future
diagnostic and surveillance purposes. Blood specimens include a pre-

employment sample followed by an annual employee sample thereafter. In

addition, sera is also obtained prior to termination of employment or after a

laboratory accident.

Technical assistance and guidance as related to biohazard control, safe
operating procedures and facility design is also provided by the OBS to all

participants of the VCP. This office also responds to requests from both
VCP contractors and non-contract investigators for guidance and specific
recommendations for the safe implementations of new procedures and the
evaluation of various contamination control systems. The assessment of risk
associated while working witha particular agent under specified experimental
conditions is also made.

A biohazard information and education program is maintained for the purpose
of providing a published technical information source as related to biohazard
and environmental control systems. Monographs prepared by support contractors
are reviewed and edited for publication and are disseminated upon request.
Selected reprints and literature addressing the assessment of risk,
demonstrating operational biohazards and biohazard control equipment are also
prepared and distributed.

Findings :

All VCP research contracts scheduled for presentation and review during the
period specified in this report have been reviewed by the OBS for the purpose
of identifying the need for biohazard equipment, modification of existing
equipment, operational procedures and/or laboratory design so as to reduce
the hazard to the laboratory worker to a minimum and to insure maximum
protection against cross contamination. Recommendations for the procurement
of Class II type 1 and 2 biological safety cabinets and other containment
control equipment have been made.

The site visit program has indicated that although most contractors make a

positive effort to comply to the "NCI Safety Standards for Research Involving
Oncogenic Viruses, problem areas in biohazard and contamination control are
still being identified. In many cases contractors recognize problem areas

and seek their resolution. Defective ventilation systems and pressure
gradients, aerosol generation, and improper waste disposal operations are
commonly sited. Poor housekeeping and storage facilities as well as animal m
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facilities wi'ch minimal air change capacity have also been noted. Newproblem
areas are being identified in those facilities in which chemical carcinogens
are being used in conjunction with animal viruses and in in vivo animal

co-carcinogenesis experiments. Provisions for incorporating charcoal filters

into ventilation systems and biological safety cabinets, and for degradation
and disposal of chemical carcinogens are being considered.

The majority of the VCP research contractors are participating in the medical

surveillance and serum collection program. The program has recently been

totally computerized and operational and initial computer directed
correspondence and data input is being generated.

The OBS has provided technical assistance and guidance on biohazard control,

containment systems, and safe operating procedures to both VCP contractors

and investigators in a wide variety of other research facilities.
Consultations on new facility and engineering design have also been provided.

General and technical biohazard and environmental control information and

literature have been provided on request to VCP contractors and investigators

representing universities, research centers, industry and other government
agencies.

Significance to Biomedical Research and the Program of the Institute :

The significance to biomedical research or to any research effort is that
this program provides safety information and guidance which can be used as

the basis for protecting the researcher and the community from potential

environmental contamination by laboratory generated harmful substances.

Proposed Course :

A greater effort at information dissemination and contractor coordination
will be made in the coming year.

Publications :

None
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SUMMARY OF WORK (200 words or less - underline keywords)

The goals of this project are to examine the interactions between type C murine
retra-viruses and their host cells both in vivo and in cell culture. Particular
emphasis is currently being placed in (iy~the possible normal functions of
xenotropic viruses during pregnancy and embryonic development, and (2) the
evaluation of phys'iological and other factors as they influence the suscepti-
bility of the host to tumori genes is upon exposure to tumor viruses and virus-
inducing carcinogens . Virological and biochemical methodology are principally
employed in this study. Interferon and other anti -viral agents are employed as
reagents.
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Project Description

Objectives :

To develop and study model systems for (1) evaluating the risk associated

with selected physiological factors as they relate to viral carcinogenesis
or co~carcinogenesis, and (2) examining the role of certain retra-viruses in

normal mammalian physiological functions, and (3) examining the interaction
of anti -viral agents with retra-virus systems.

Methods Employed :

Quantitative procedures for evaluating specimens from cultures of animal

tissues for retra-virus concentration include bioassays for focus forming
or focus inducing activity in selected cultured cell systems and the measure-

ment of viral enzymatic activity (reverse transcriptase). Viral polypeptide
components are examined by linear gradient polyacryl amide gel electrophoresis.

Viral nucleic acid reagents are prepared from purified virus produced, both

in -house and from outside sources. Virus isolation is accomplished by

direct inoculation of filtered tissue extracts into suitable target cell

cultures.

Major Findings :

Previous work with the NIH Swiss mouse has demonstrated the involvement of a

murine retra-virus and its components during pregnancy and in estrogen-

treated ovariectomized animals. Experiments done during this report period
have resulted in the isolation of retra-virus from the uterus of the NIH

Swiss mouse and the characterization of this agent as a Murine xenotropic
virus (MuXV) similar in some aspects to other xenotropic viruses isolated

earlier from NIH Swiss, NZB, BALB/C mice by other procedures. This represents

the first known isolation of MuXV from NIH Swiss mice using direct

inoculation of tissue suspension from the adult animal. The virus isolate

is neutralized by antisera prepared against certain other MuXV's. The

uterine MuXV is produced at infections titers of 10^ to 10^ focus inducing

units per milliliter of culture fluid. The particles exhibit a bouyant

density in glycerol of 1.16 g/ml and contain typical murine p30 antigenicity.
The reverse transcriptase of the virus is serologically related to that of

MuLV-Rauscher, the polypeptide composition of the virus is similar to that of

other murine retra-viruses.

Studies on anti-viral agents have indicated that the inhibitory effect
of murine interferon on retra-virus replication is controlled by factors

different from those involved in the inhibition of cytotoxic viruses such as

vesicular stomatitis virus (VSV). These studies have employed two murine
cell cultures infected with MuLV-R. Interferon treatment followed by VSV
challenge results in inhibition of VSV replication in both cultures. How-

ever, quantitation of MuLV-R production after interferon treatment has
demonstrated that the retra-virus replication is inhibited in one culture.
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but not in the other. Further studies have shown that the effect is a feature of
the cells themselves as opposed to a viral strain difference.

In other studies on viral inhibitors, azacytidine, a drug used clinically in
cancer chemotherapy, has been found to inhibit MuLV-R replication. The
inhibition is abolished in the presence of cytidine.

A somewhat long range study, involving large numbers of mice to examine the
effect of pregnancy on the susceptibility of mice to leukemia virus infection,
has been initiated. Preliminary results obtained suggest that pregnancy is

associated with a state of partial resistance to infection of the mother.
Further data from experiments in progress are needed to substantiate this
observation.

Significance to Biomedical Research and the Program of the Institute :

Evidence from several laboratories has suggested that carcinogenic retra-
vi ruses may represent a deviant class of agents originating from a group of
ubiquitous viruses which may normally provide a useful function to the
organism. A search for a normal physiological role of these viruses during
reproduction is a logical progression from these observations, and may
potentially provide information which is of value from both a basic and an
applied viewpoint.

The use of antiviral agents is of potential value in investigations on
normal functions of the retra-viruses and may contribute information concern-
ing the role of retra-viruses in tumor systems.

Proposed Course :

Future investigations will be directed toward more complete characterization
of the MuXV isolated from uterine tissues, with a view to compare the uterine
isolates with MuXV's of other origin. Such studies will include an evaluation
of the ability of these viruses (1) to rescue latent sarcomogenic activity in

cell culture systems, (2) to induce, in combination with nonproducer cells

carrying the sarcoma virus genome, a malignant state in mice, and (3) to

cause suppression of the cell -mediated immune response. The biophysical and

biochemical features of selected MuXV's will be compared. In depth investi-
gations on the expression of MuXV genomic information during pregnancy will

be carried out in collaboration with other investigators of our group.

Publications :

Chan, J. C, Vera, N., Allen, P. T., East, J. L., Knesek, J. E,, Bowen, J. M.

and Dmochowski, L.: Alteration of the syncytium- forming property of XC cells

by productive Moloney leukemia virus infection. Cancer Res . 35: 1854-1857,
1975.
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Waite, M. R. F. and Allen, P. T.: RNA-directed DNA polymerase activity of

reticuloendotheliosis virus: characterization of the endogenous and exoge-

nous reactions. J. Virol . 16: 872-879, 1975.

Bishop, J. M. Maldonado, R. L., Garry, R. F., Allen, P. T., Bose, H. R. and

Waite, M. R. P.: Effect of medium of lowered NaCl concentration on virus

release and protein synthesis in cells infected with reticuleondotheliosis

virus. J. Virol. 17: 446-452, 1975.
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SUMMARY REPORT

b. OFFICE OF PROGRAM RESOURCES AND LOGISTICS

The Office of Program Resources and Logistics, Viral Oncology Program, is

responsible for the administration, review, and scientific management of
collaborative research contracts which provide research resources and
logistical support to intramural investigators within Viral Oncology and

to collaborating laboratories participating in the NCI Virus Cancer Program.
Additionally, when adequate resources are available, research materials are
also provided to the general scientific community for studies related to

the possible viral etiology of human cancer. The Office is also responsible
for the day-to-day general management and direction of resources distribu-
tion. The Office was establisned by NCI in 1972 to centralize the scientific
administration and management of research resources and logistical functions
and to unify these activities for the Viral Oncology Program.

Laboratory cancer research investigations carried out in the Viral Oncology
Program depend on the availability of viruses, viral reagents, antisera,
animals, and clinical and laboratory materials of quantity, optimal purity,
viability, and potency. Research studies in an integrated program of
international scope, as encompassed in the VCP, make more meaningful and
rapid progress when adequate quantities of such standardized reagents, cell

cultures, and test animals are available. The Office of Program Resources
and Logistics provides these research materials and other supportive
activities through contract operations representing six general areas of
activities. These include:

Activities directed toward production and characterization of

purified viruses, viral reagents, and appropriate antisera.

Activities concerned with acquisition, collection, storage,
inventory and distribution of normal and malignant human

specimen material

.

Activities concerned with animal resources, including production
of pathogen-free and germ-free species of animals, breeding of
primates, maintenance of animal colonies, and containment-type
animal holding facilities.

Activities directed toward the provision of specialized testing
services for the examination of experimental materials.

Activities concerned with providing support for the biohazard
safety program.

Activities directed toward providing laboratory facilities and
services for direct support of NCI intramural research programs.
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The overall requirement for research resources and the number and extent of
requests received frequently exceed the availability of Program resources.
This is due, to some extent, to the high cost of producing or preparing
certain scarce reagents, to fiscal considerations which limit the ability
to prepare every potentially necessary item, and to a valid reluctance to

prepare highly specialized and expensive materials which can be utilized by

only a few laboratories. Because requests do frequently exceed availability,
the distribution of resources is influenced by the relative value of specific
research in relation to overall Program goals. These relative values, or
priorities, are determined by the VCP Coordinating Committee, the VCP

chartered Scientific Review Committees (peer review), the OPR&L Advisory
Group, and the VOP Laboratory, Branch, and Office Chiefs. The distribution
of resources is patterned on the evaluations and recommendations of these
groups.

The principal advisory committee assisting OPR&L in carrying out its varied
functions is the Program Resources and Logistics Advisory Group. The
OPR&L Advisory Group constitutes a standing intramural committee to provide
support and make recommendations concerning resources and logistics matters,
and to conduct appropriate reviews for those contracts administrated by

OPR&L. The Advisory Group is chaired by the Chief, OPR&L, and is responsi-
ble to the Office. The membership includes scientist-managers representing
the Collaborative Research Branch, VOP, (VCP), and also representatives from
the four major intramural Laboratories of the Viral Oncology Program. The
current membership of the Group is listed in a previous section of this
report concerning Program committee membership.

During the past year, OPR&L has coordinated the distribution of a wide
variety of biological, chemical, and materiel resources to NCI intramural
investigators and VCP participants. The amount of material processed has

been extensive. To illustrate the scope of activity, during this year the
purified and concentrated products from approximately 54,000 liters of

tissue culture-grown viruses, propagated in over 35 different cell lines,
were distributed in over 1,200 shipments to over 200 participating
laboratories throughout the world. Additionally, over 550 grams of a

single virus and its molecular components, not propagated in tissue culture,
were sent to over 125 different investigators in over 200 shipments.
Furthermore, the Program repositories handled or shipped out over 40,000
individual items. In addition to these activities, the Office has

coordinated the distribution of a variety of resources to U.S.S.R. scientists
in keeping with the Memorandums of Understanding signed in Moscow in 1972
and 1974, and in Bethesda, Md. in 1975 covering the mutual exchange of cancer
research materials. The materiel supplied included purified and concentrated
viruses of murine, feline, avian, and primate origin; specialized viral
proteins and antigens; normal and infected tissue culture cell lines; various
tumor-derived cells; a wide range of standard reagents and chemicals for
tissue culture utilization; a wide range of antisera prepared in a variety of
host animals; substances for chromatographic separations; adjuvants; and
various other materials and substances.
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An additional responsibility of OPR&L is the monitoring and evaluation of
the virus and reagent proauction and purification activities of Viral
Oncology at the NCI-FredericK Cancer Research Center. OPR&L is also
responsible for the general management of the distribution of viruses,
viral reagents and components, and cell cultures prepared at FCRC and
distributed to FCRC intramural investigators and to VCP collaborating
laboratories. During the period January 1975 through December 1975 over
13,000 liters of virus materials were produced and purified, and over
13,000 ml. of various virus concentrates were released to investigators as

directed by this Office. All Program requests for viruses available from
FCRC have been met and approximately 1,000 ml. of virus concentrates remain
available at the FCRC virus repository to meet any additional needs.

The OPR&L is also concerned with the preparation of an annual catalog
listing and describing the research resources available to collaborating
laboratories within the Program. These include viruses, antisera, human
specimens, animal resources, special materials, and various services.
Usually the information provided for each item includes designation, origin,
and processing procedure. This year, as in prior years, a revised new
edition of the catalog was prepared and distributed to Program participants.
Loose-leaf binding, adapted earlier, was retained to permit efficient
future updating of information, and the format and contents were again
revised to expedite the recovery of items or services and reflect current
resea>^ch interests. As noted in the catalog, an element of the OPR&L is

concerned with the maintenance of a computerized central inventory for the
sera, tumor tissue, cell out-growths, and other human specimen materials
continuously being acquired by the Program. The central inventory
facilitates matching investigators' requests for human materials with
specimens available, regardless of the geographic location of the repository
or laboratory at which it is stored.

The Resources Data Management unit within the OPR&L continued to assist in

the automated retrieval and inventories of Viral Oncology Program resources,
computer-systems planning consultation support, and automated resources
analysis and management support. The automated inventories of the VO
resources include the OPR&L serum collection, the OPR&L human tissue
collection, the collections of the satellite resources systems, and the
serum collection developed and maintained for the NCI Office of Biohazard
Safety. The OPR&L RDM unit maintains a computerized inventory of approxi-
mately 100,000 human sera specimens and approximately 2,000 freshly frozen
malignant and normal human tissue specimens maintained in local and regional
repositories. The RDM unit manages the continuous input, updating, and
distribution data for these specimens stored for utilization by scientific
investigators. Clinical and demographic data relevant to specimens
distributed are provided to recipient investigators to assist in the
analysis of test results. Furthermore, support is provided for previously

developed and installed inventory systems in laboratories participating as

regional resource repositories for Viral Oncology. These include the Cell

Culture Laboratory of the University of California at the Naval Biomedical
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Research Laboratory, and also the antisera production facility at the
Huntingdon Research Center. Additionally, automated computer support is
provided for the specimen inventory of the laboratory of Medical Oncology,
NCI. Inventory listings are provided for each of the satellite repositories
maintained in the OPR&L automated inventory system, and additional ad hoc
reports are prepared as required.

The OPR&L RDM unit has developed compatible automated systems and codes for
human specimen material in all institutions participating in the VCP either
as collection or acquisition laboratories, or as repository or distribution
centers. This system includes the capture and automation of complete
demographic, clinical and laboratory information on specimens and specimen
donors. The goal is a central specimen inventory at OPR&L, making available
in a uniform manner for all of Viral Oncology, the many specimens held at
various repositories.

Additionally, the RDM unit maintains an automated management system for data
relevant to the distribution of research resources managed and administered
by the OPR&L. Currently, efforts are in progress to complete the data
system for tracking the distribution of all virus products regardless of
production source or recipient identity and location. Following the
completion of this system, the RDM unit will be involved in planning and
implementing a comparable system for the management of human specimen
material

.

Within the Office of Program Resources and Logistics, principal support is
provided by three staff scientists, a systems analyst/computer programmer,
and two secretaries, who all assist in responsibilities for the management
of the collaborative contract program concerning research resources, and
for the coordination of resources distribution.

1273



c. FREDERICK CANCER RESEARCH CENTER

Introduction : The Viral Oncology Program (VOP) at the Frederick Cancer
Research Center (FCRC) will have concludea its fourth year of operations
on June 25, 1976. Of significant importance is the fact that all VO/FCRC
work was restructured to take maximal advantage of "Project" accomplishments
in previous years in implementing research supporting Viral Oncology's and
the National Cancer Institute's investigative program on the potential role
of viruses as etiologic agents of cancer. The restructured effort in the
VO/FCRC program was conducted within the framework of four major laboratory
orograms: DNA Virus Laboratory, RNA Virus Laboratory, Disease Control
Laboratory, and Virus and Reagent Production/Developmental Research
Laboratory. The overall objective of these Laboratories is to conduct
investigations on oncogenic and suspected oncogenic viruses and their
interactions with host cells to determine whether viruses comparable to

those known to induce cancers of laboratory and domestic animals are related
to human cancer and to develop therapeutic and preventive measures for their
control when such relationships are found. The departure from the previously
employed "Project" concept in favor of the new administrative structure
provides greatly increased opportunity for the Viral Oncology effort to be
performed as a total integrated activity that will allow a high degree of
flexibility in response to overall program needs and broad latitude in
creating and pursuing fundamental research objectives both in-house and on
a collaborative basis with outside acknowledged experts.

Source of Program Direction : Program direction is derived from the Associate
Director for Viral Oncology with recommendations from a number of advisory
groups. One of these is the FCRC Viral Oncology Scientific Advisory Group
consisting of five NCI staff members including the Scientific Coordinator
for Viral Oncology (SCVO) who acts as chairman of the group. In contrast to
previous years, this membership now consists essentially of scientists who
are more intimately concerned with investigative aspects of laboratory
operations than with administration, thus reflecting basic alterations in

the VO/FCRC program that have taken place this year. Program recommendations
and advice have also been provided by senior NCI staff personnel on an ad
hoc committee basis, specializing in one or more aspects of a Laboratory's
activities. Another important source for program recommendations is the
VO/FCRC Peer Review Group. Membership of this committee consists of seven
recognized scientific experts in Viral Oncology, outside of NCI, who provide
recommendations as to VO/FCRC programming as well as evaluative input
regarding accomplishment of objectives. Finally, a new advisory group, the
Virus Cancer Program Advisory Committee, also consisting of a number of outside
experts, has recently been established. While it is the primary function of
this group, convening several times annually, to provide recommendations to
the VCP, it is anticipated that proposals from this membership will have an
impact upon Viral Oncology operations at Frederick because of the intimate
association between VO/FCRC and the VCP.
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Program Review and Evaluation : All work concucced within the VO Program

at FCRC is reviewed on a continuing basis for the purpose of attaining and

maintaining excellence of programs that have been established, and to

insure rapid response of the VO/FCRC operations to needs related to the

Viral Oncology and NCI program objectives. Not only is it within the

purview of the SCVO to oversee implementation of NCI Viral Oncology program-

ming at FCRC, but it is also a primary function of that office to facilitate

and participate in a number of review and evaluative processes that are

necessary to promote maximal qualitative and quantitative accomplishment.

The first line of review consists of evaluations by NCI Monitors of VO/FCRC

work performed by the Contractor. The monitors, one functioning for each

of the four Laboratories, were carefully selected on the basis of their

scientific background and experience related to the work conducted. It is

the responsibility of the NCI Monitors to discuss all aspects of the work

on a monthly basis with the appropriate Contractor manager and to submit

written evaluations on progress made and/or problems that have arisen during

that period of time. The written evaluations are reviewed by the SCVO who

provides these together with his own comments for transmittal to appropriate

NCI authorities and to the Contractor for their information. Reviews con-

ducted in this manner provide a rapid system of communication whereby the

Contractor can be commended for progress in a given area and/or apprised of

shortcomings in the work performed so that, in the event of the latter,

these can be corrected without undue delays. In addition, the monthly

evaluations are cumulatively judged semiannually, forming the basis upon

which the Contractor's award fee is determined. Based upon input from the

SCVO, final fee recommendation is made by the Award Fee Board, consisting of

senior NCI administrative staff members, for final approval by the Director

of NCI. Supplementary or interim evaluations are obtained through program

reviews conducted on the entire VO/FCRC effort several times during the year;

additional overall judgments are obtained from the VO/FCRC Peer Review Group

during the time at which it convenes.

General Program Considerations and Objectives : In considering VO/FCRC

program objectives, descriptions of research and resource activities, and

funding requirements, it is of importance to note that VO/FCRC operations

consist basically of two types of effort. The first type is characterized

as being completely Contractor oriented; this means that the work is executed

only by Contractor personnel employing government owned equipment in NCI

facilities. Scientific investigations are performed and resources provided

as required by NCI for a stipulated period of time. The second type of

effort is also related to NCI research requirements but it is performed with

professional and technical NCI personnel working collaboratively with

professional and technical Contractor personnel on investigations that are

pertinent to Viral Oncology programs conducted both at Bethesda and FCRC.

Both types of work are now performed within either the DNA Virus Laboratory,

RNA Virus Laboratory, Disease Control Laboratory, or the Virus and Reagent

Production/Developmental Research Laboratory.
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In the DNA Virus Laboratory, the Contractor was requested to engage in

activities for the purpose of determining tne role of D.NA viruses in the
neoplastic process. Biological, serological and biochemical techniques were
to be perfected and performed using specific purified viral components to

search for evidence indicating the presence of these in human specimens and
attempt to correlate experimental results with the incidence of human

cancers; the role of herpesviruses in cell transformations and tumorigenic
potential in model systems were investigated. Studies were also conducted
on defining conditions for optimal production of virus strains with different
biological properties. Lastly, the Contractor was requested to provide
necesssary professional and technical collaboration and support services to

NCI investigators presently involved in determining biological and bio-
chemical characteristics of EB virus, HSV-1 and 2, and H_. saimiri .

In the RNA Virus Laboratory, research was directed toward achieving objectives
designed to elucidate the potential role of RNA viruses as etiological agents
in human cancer by determining the biological, biochemical, serological and
other characteristics primarily of type B viruses such as MMTV and MPMV, to

conduct exploratory studies with new type B isolates and attempt to identify
properties that are unique or shared, and to determine any similarities among
these properties and those discerned in human-derived materials. The
Contractor was also required to provide collaborative support for NCI

investigators studying the influence of host physiology on oncogenesis and
cellular control in model systems.

In the Disease Control Laboratory, the Contractor v/as requested to participate
in a multifaceted VO/FCRC program designed to study a variety of genetic,
immunological, and viral synergistic factors that may influence the course of

tumor development. The objective of studies to be performed is to provide
pertinent information as to the causative role of viruses in cancer and to

develop rational approaches to the prevention and cure of these diseases.
Suitable laboratory facilities together with professional staff that possess
expertise in genetics, immunology, cell culture, and biochemistry particularly
as related to studies on the isolation and purification of experimental viral

components, was required. Included among the operations of this Labora-
tory, it was incumbent upon the Contractor to continue collaborative working
relationships with NCI investigators who are engaged in similar or comple-
mentary studies outside FCRC.

In the Virus and Reagent Production/Developmental Research Laboratory, the

Contractor was to continue providing suitably designed laboratory facilities

and staffing to perform work related to the large-scale production of viruses
or viral components that are necessary for conducting laboratory research in

the VO/FCRC or associated programs. Developmental research was carried out

on oncogenic or suspected oncogenic viruses, including those of human origin,
necessary for the VO program but for which no previously established protocols

exist or for which protocol improvement is required. Included in this was a

NCI collaborative program on developmental electronmicroscopy.
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Program Projections and Problems : Of immediate concern in establishing future
VO/FCRC programs is the appointment of the Contractor's Director of Viral
Oncology (DVO). The filling of this vacancy, as of January 5th, will have a

considerable impact upon program direction, funding, space and facilities,
and personnel. As one example, plans for VO operations in FY77 now contain
requirements for programs not only for the four Laboratories mentioned above
but also for a fifth, designated as the Director of Viral Oncology Research.
The purpose of the latter is to introduce a mechanism for program flexibility
that will enable the DVO to develop the VO/FCRC research effort to maximal
advantage. To initiate anticipated studies will require an approximate 30

percent increase in program effort over last year. In this connection it

should be pointed out, however, that support for the DVO's activities will not
represent an increase in the overall Viral Oncology Program at-large. Rather,
the new VO/FCRC support will be derived as a result of the redirection of
program effort that had previously been conducted at other laboratory sites.

Moreover, the application of funding consolidation in this manner is expected
to provide a substantial increase in VO Program cost effectiveness.

The VO/FCRC collaborative program will also require some increased support
although this should be relatively modest. Two NCI investigators, namely
Dr. Hampar and Dr. Hatanaka, will be transferring their laboratory operations
to FCRC. The introduction of their programs, could be offset to some extent
by reductions in other collaborative programs carried out at FCRC in past
years. Recent in-house reviews of the latter have resulted in termination of
the Collaboration with Clinical Oncology Groups program performed in the
Disease Control Laboratory, and termination of the Tumor Transplantation
Antigen program, plus an approximate 50 percent cut back in the Primate Virus
Section effort in the DNA Virus Laboratory. Another program. Influence of Host
Physiology on Oncogenesis and Cellular Control, in the RNA Virus Laboratory,
also will be reduced by 20 percent.

Another major concern is the matter of providing suitable space for VO/FCRC
programs particularly in view of the DVO's added research effort. There are
several key elements that attend the solution of problems that arise. The
first is related to renovations in Bldg. 560. The Contractor's DVO and

engineering staff have proposed a well thought-out plan for laboratory
alterations that, but for a few exceptions discussed below, are expected to

accommodate the proposed VO/FCRC program under highly suitable conditions.
When implemented, the plan will have affected a gain of approximately 8,000
sq. ft. of usable laboratory space and a centralized glassware preparation
facility. Moreover, it will have created ideal opportunity to consolidate
most of the VO/FCRC program under one roof and to allow a similar regrouping
for the Chemical Carcinogenesis program. The renovation plan is to be

executed in two phases, the first in Wing 2, Floors 1 and 2, during the

final six months of the current contract year, and the second in Wing 1,

Floor 2, during the initial half of the next contract year. Upon completion
of the renovations, highly adequate facilities will have been provided for
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the DVO's research program. Dr. Hampar's and Dr. Hatanaka's collaborative
effort in the DNA Virus Laboratory and for residual work in the DNA Virus,
RNA Virus, Disease Control, and Virus and Reagent Production/Developmental
Research Laboratories. Funds for phase one of the proposed Bldg. 560
renovation have been approved by the FCRC Steering Committee; thus far funds
for phase two have not.

With renovations nearly completed in Bldg. 522, this building will continue
to contain the Disease Control Laboratory's vaccine control program performed
in an increasingly consolidated manner in collaboration with Dr. Huebner;

it also appears adequate to absorb his serology unit which is to be moved
from Bldg. 37 in Bethesda, a small added research effort of two NCI staff
members, previously located at another laboratory site, and a modestly sized
temporary repository to contain test materials of critical importance to

the vaccine program.

One important space problem that will surface very shortly in Bldg. 560 will

be concerned with the disposition of approximately 10,000 test and special

breeding mice and a group of 25-50 rabbits immunized and maintained as

sources of test reagent antibody. As of this time, no definitive plan for
accommodating these animals has been forthcoming. Although the number of

mice may be reduced somewhat, this problem requires a workable solution soon
to facilitate starting phase two of the renovations. Two alternative plans

or a combination of these should be considered: (i) hold the animals in

approximately 1,000 sq. ft. among five to six animal rooms in Bldg. 571.

Although request has been made for use of this space for approximately six

months, this could be a permanent solution if the space were to be perma-
nently relinquished by DCBD; (ii) move the animals to Bldg. 567, which is

space currently used by MINCDS and which is expected to be available starting
in September or October pending their move to new quarters. Very preliminary
estimates suggest that the amount of any renovations necessary to hold small

laboratory animals for the VO/FCRC program in this building could be minimal

once NINCDS has vacated the building. It should be mentioned, however, that
if it becomes necessary to hold non-human primates, costs for alterations
may be increased a significant but, as yet, undetermined amount.

Deliberations on space and renovation costs in Bldg. 567 elicit still other

points for consideration. Attending the idea of using laboratory holding
areas on the first floor, there could be an imminent need for the laboratory
areas on the second floor to accommodate the consolidation of general media
preparation and quality control functions largely in support of, but not

entirely limited to, the Virus and Reagent Production/Developmental Research

Laboratory. Plans for these are speculative at this time and will require
definitive proposals to determine their feasibility and cost.

Lastly, the VO/FCRC program will require repository space for programs in

the Disease Control Laboratory and in support of the Office of Program
Resources and Logistics in Bethesda. Present estimates include space for
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approximately 26 liquid nitrogen or raechanical freezers, and 500 to 750 sq.

ft. of storage space for these efforts, respectively. At the present time,
VO's requests are being considered as part of an overall FCRC repository
need. Toward achieving this end, the Contractor has been requested to

provide a plan taking all the requirements into account.

Program Funding : During the interval covered in this report, Viral Oncology
funds fully supported work conducted in the DNA Virus, RNA Virus, Disease
Control and Virus and Reagent Production/Developmental Research Laboratories.
Partial funding was allocated on a shared basis with other NCI elements at
FCRC for Project 4, Environmental Control; Project 12, Animal Breeding; and
Project 21, Diagnostic Animal Health Laboratory. Total VO funding amounted
to approximately $6.3 million for the fourth contract year of operations,
for the interval commencing June 26, 1975 and ending June 25, 1976;
approximately $5.5 million was obligated from FY76 funds. Of this,

approximately $702,000 was in support of the shared projects 4, 12, and
21. Approximately $784,000 of additional funds was allocated to the

U. S. Army as Viral Oncology's portion of the Interdepartmental Support
Agreement.
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Studies aimed at developing more useful methods of utilizing the electron
beam for quantitative and qualitative measurements of biological entities
and the development of appropriate techniques for preparing biological samples
for these measurements are being pursued. Specifically these new applications
for the electron beam are directed towards understanding structure and function
of virus and virus-cell interactions . The scanning electron microscope (SEM)
has been utilized to observe the effects of dexamethasone on virus replication
and expression on infected cell surfaces. In addition, the SEM has been used
to comparatively examine human normal and tumor cells of diverse origin. An
image intensification system interfaced to the transmission electron microscope
(TEM) has provided the means of studying the structure of unstained virus in

thin sections with the ultimate goal being automated computer search and read-
out. Immunological tagging with heavy metals to cell surfaces and internal
structures have been studied to provide a system for the localization of viral
antigenic sites by computer controlled energy dispersive x-ray analysis and
mapping of these areas. Collaborative studies requiring advanced techniques
of SEM and TEM have been performed with other viral oncology groups.
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Project Description

Objectives :

To develop new methods of utilizing both the transmission and scanning electron
microscopes as a quantitative analytical research tool towards understanding
structure and function of virus and virus-cell interactions.

(a) To further develop the positive identification and quantitation of virus
particles utilizing the automated particle analysis system interfaced to the
scanning electron microscope (SEM) operated in either the secondary or scanning
transmission mode.

(b) Investigate the use of high resolution image intensification in the
transmission electron microscope (TEM) coupled to computer pattern recognition
devices to recognize viral images in thin section and subsequently automate
the search and readout of these images.

(c) Develop immuno-electron microscopy techniques detectable by computer
controlled energy dispersive x-ray equipment for the localization of immuno-
logically tagged sub-viral entities.

(d) To study the surface features of cultivated human and mouse tumor cell

lines at the ultrastructural level with the SEM and TEM using new techniques
of specimen preparation.

To provide electron microscopy support and collaborative research with Viral

Oncology groups at the FCRC and NCI investigators requiring advanced techniques
of scanning and transmission electron microscopy.

Methods Employed :

Methods employed to carry out the outlined objectives include the use of the
SEM, TEM and associated electronic devices. The SEM is interfaced to an
automated particle analysis system and a completely computer controlled energy
dispersive x-ray system.

The TEM has been equipped with a high resolution image intensification system
specifically designed to operate at low light level intensities and low accel-
erating voltages. Storage and integration permits the study of unstained
materials. In addition, pattern recognition algorithms will be utilized
toward the ultimate goal of automating the TEM for computer recognition of
virus particles in thin sections.

Major Findings :

During the period from April through December 1975 a feasibility study was
performed in collaboration with Dr. Robert Nathan, Jet Propulsion Laboratory,
Pasadena, Calif., to evaluate the use of computer pattern recognition of virus
particles in thin section. A series of computer algorithms were written which
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successfully recognized B and C type virion images in thin section. These
studies will be continued to include other virion morphology. In conjunction
with this study, video images of thin sectioned virions derived from the image

intensification system interfaced to the TEM are being digitized and evaluated

for compatibility with regard to speed of automated search and readout of

unstained materials.

The immunological properties of oncornavirus polypeptides have provided a

mechanism of labeling for detection by SEM, TEM and energy dispersive x-ray
analysis. The use of antisera to purified viral subcomponents gives high

specificity of labeling. Use of heavy metals in conjugates such as ferritin,

or enzymatically produced by peroxidase, allows detection and/or imaging by

the electron-beam instrumentation. The immunological reactions have been

performed successfully using the indirect peroxidase-conjugate method and

with the unlabeled antibody-enzyme techniques to whole virus preparations.
The unlabeled antibody-enzyme techniques were successfully used to immuno-

label ultrathin sections of plastic embedded and previously unstained virus

samples. These samples have included virus pellets of both B and C type

murine virus, and murine cell cultures with budding oncornavirus. In both

cases the labeling was demonstrated to be localized clearly on the virus

particles. Further, specificity in the sections was demonstrated by complete

lack of cross-reaction between heterologous antiserum-antigen combinations.
Continued effort in these studies has been made to develop fixatives and
preparative procedures gentle enough to retain the antigenicity while
simultaneously providing sufficient fixation to preserve the viral and

cellular morphology. Further experimentation with surface labeling for the

TEM and SEM has dealt with the use of ferritin-conjugated antibodies.
Successful labeling of mouse mammary tumor virus with antisera prepared
specifically to this oncornavirus has been obtained. These labels yield an

excellent source of x-ray signal for detection in the SEM.

As a further means of developing the usefulness of the SEM in viral oncology,

a continuous mouse mammary tumor cell line containing particles of type B

morphology were examined to determine the presence of budding virus. Cells

were treated with dexamethasone (DXM), a synthetic glucocorticoid, which is

known to have a stimulatory effect on MMTV expression. Surfaces of untreated
and DXM-treated cells were investigated by SEM. Untreated cells demonstrated
a moderate expression of MMTV (80 particles/cell) distributed diffusely over
the cell surface. In comparison, DXM-treated cells were localized in clusters
of 100 to greater than 2,000 virus particles, often with more than one cluster
per cell. The preparation of cells for SEM evaluation can be accomplished
within two hours as opposed to four days for TEM thin section examination.
The method offers a rapid screening technique for the quantitation of in

vitro virus production.

The SEM is becoming a valuable tool in studies of cellular organization,
cell-to-cell interactions, and in the quantitation of biological entities.
Established human tumor cell lines including lung carcinomas, epidermoid
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carcinomas, malignant melanomas, rhabdomyosarcomas and glioblastomas were
examined and compared to two normal human fibroblast strains. The surface
features of these cells were investigated by SEM utilizing new techniques
developed in our laboratory which unites critical point drying and gold
sputtering to better preserve the three dimensional morphology and enhance
the secondary signal of the specimen for visualization. Tumor cells
demonstrated a striking degree of surface activity with numerous character-
istic surface projections. Normal cells at similar densities and growth
phase lacked these extensive surface modifications; their surfaces were
essentially smooth. These studies have provided the first correlative SEM,

and TEM analysis of solid, human-tumor cells of diverse pathologic types
in vitro .

Significance to Biomedical Research and the Program of the Institute :

Major emphasis has been placed on the development and application of the

scanning electron microscope to viral oncology. Progress has been made
toward the use of this instrument to specific analytical and quantitative
research problems which have saved a considerable number of man hours and
cost to the Program. The introduction of immuno-chemical tagging and the

associated x-ray equipment will give the fields of virology and immunology
an additional highly specific visual marker mapping system.

Proposed Course of Project :

A majority of time will be spent on the further development of the energy
dispersive x-ray identification of sub-viral entities. Emphasis will be

placed on continuing the application of advancements in instrumentation and
specimen preparation to other collaborating units.

Publications :

Gonda, M.A., Arthur, L.O., Zeve, V.H., Fine, D.L. and Nagashima, K. : Surface
localization of virus production on a glucocorticoid stimulated oncornavirus
producing mouse mammary tumor cell line by scanning electron microscopy.
Cancer Res . 36: 1084-1093, 1976.

Gonda, M.A.: Frontiers of electron microscopy. Biology Digest 2: 10-25, 1975.

Gonda, M.A., Aaronson, S.A., Ellmore, N., Zeve, V.H. and Nagashima, K.

:

Ultrastructural studies of surface features of human normal and tumor cells

in tissue culture by scanning and transmission electron microscopy. J. Natl .

Cancer Inst. 56: 245-263, 1976.
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Cellular and viral R^NA sequences homologous to type C and type B tumor viruses
have been studied. TFese sequences have been characterized in terms of their
rescuability by heterologous RNA tumor viruses. The distribution and bio-
chemical behavior of rat cellular RNA homologous to two murine sarcoma viruses
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cis-dominant. Finally, two additional type C viruses have been isolated from
a lymphoma tous P. hamadryas baboon.
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Project Description

Objectives :

(1) To characterize biochemically and biologically cell transformation by
RNA-containing tumor viruses and to study the factors regulating the
expression of RNA tumor viruses in vitro . (2) To isolate and characterize
new RNA tumor viruses.

Methods Employed :

Various tissue culture assays and procedures have been employed including:
cloning of cells in soft agar and microtest II plates, focus-assays for
type C helper viruses, somatic cell hybridization, co-cultivation procedures,
infectious center assays, establishment of primary cell cultures from a

variety of animal tissues, and the induction and propagation of a variety of
RNA tumor viruses in cultured cells.

Biochemical methods used during the last year have included isolation and
purification of viral and cellular nucleic acids, the use of si nuclease
for hybridization assays, the synthesis of DNA transcripts by use of the
endogenous reaction of RNA tumor viruses, subcellular fractionation procedures,
and the separation and characterization of various classes of RNA.

Major Findings :

The specificity and quantitation of the rescue of RNA sequences by mammalian
type C viruses has been investigated. Type C viruses were found to package
with specificity only type C viral RNA. Type C viruses did not encapsidate
with comparable efficiency either type B viral or cellular globin mRNA.
Conversely, a non-type C mammalian retravirus, MP-MV, did not encapsidate
type C RNA. A revertant of Kirsten sarcoma virus (Ki-SV) -transformed non-
producer cells which failed to rescue biologically active Ki-SV after super-
infection with helper virus was found to have no detectable intracellular
Ki-SV-specific RNA. These results suggest specific mechanisms by which
type C viral proteins can package type C viral RNA and provide an approach to

classifying RNA of potentially defective endogenous retraviruses as type C in

origin.

RNA sequences in cultured rat cells homologous to the rat specific information'
in the Kirsten and Harvey strains of murine sarcoma viruses have been charac-
terized. The presence of poly A in this RNA was demonstrated by purification
of the sequences from rat cellular RNA by oligo (dT)i2-i8 cellulose chroma-
tography. These RNA sequences were shown to be rescued from rat cells
producing high levels of endogenous rat type C leukemia virus. Quantitative
analysis revealed that the Kirsten-rat homologous RNA was purified during
rescue in a manner analogous to that observed following rescue of known
type C viral RNA sequences by heterologous type C leukemia viruses. These
results, together with those of other experiments, strongly suggest that the
rat specific sequences in the genome of the Kirsten and Harvey sarcoma
viruses are of rat type C viral, rather than rat cellular, origin.
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Endogenous type C viruses of the rat have continued to be studied during the

past year. A sensitive and specific infectious center technique has been

utilized to transmit a rat type C leukemia virus to heterologous mink cells.

The identity of the recipient cells as mink was confirmed by cytogenetic

analysis, by DNA-DNA reassociation kinetic studies, and by growth of the cells

in various selective media. A supernatant viral reverse transcriptase

positive clone of these cells was found to contain rat type C virus-specific

RNA, DNA and p30 and pi 2 antigens. The properties of this transmitted rat

type C virus are being studied.

Studies on lymphomatous baboons have been continued as part of the joint

agreement between cancer virologists in the U.S.A. and the U.S.S.R.

Additional type C virus isolations have been made from the spleen and blood

of a P. hamadryas baboon with terminal lymphoma. Isolations were made by

co-cultivation of these baboon tissues with a cell line of canine thymus

origin. Studies will be continued to determine the degree of type C virus

expression in various tissues of these lymphomatous primates and the relation-

ship of these and previous type C virus isolates to malignant disease in

these animals.

Studies have been continued on the factors regulating RNA tumor virus

expression by somatic cell hybridization. A great deal of attention has been

directed at deriving a series of somatic mutants of various mammalian cells

by plating mutagenized and non-mutagenized cells in media designed to select

variants with known genetic markers. Several clonally derived cell lines

have now been derived and characterized. In some cases, somatic cell hybrids

were selected following fusion of appropriate mutant cells with inactivated

Sendai virus or, more recently, polyethylene glycol. The inducibility of

mouse mammary tumor virus expression by dexamethasone has been shown to be

cis-dominant in interspecies somatic cell hybrids of murine-hamster origin.

Significance to Biomedical Research and the Program of the Institute :

Oncornaviruses have now been isolated from a variety of mammalian and avian

species. Many of these viruses have been shown to be involved etiologically
in the induction of malignant diseases. Although type C or type B viruses

have not been isolated from human cells, subviral footprints have been

detected in various human tissues. In addition, type C viruses from several

mammalian species have been shown to replicate in and, in some cases, trans-

form human cells. Therefore, it is obvious that these self-contained

packages of genes offer a convenient and relevant means to study the mechanism

of cell transformation. It is also imperative that the search for a bona fide

human tumor virus be pressed. Ultimately this would facilitate a thorough

study of the involvement of this class of viruses in human neoplasia and open

a rational approach for immunoprophylaxis and therapy of these diseases.
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Proposed Course :

Studies planned for the next year wi11 concentrate on characterizing type C

virus expression following cell transformation by mammalian RNA and DNA
viruses. Particular attention will be directed at studying RNA tumor virus
expression in cells which have been morphologically or biochemically trans-
formed by various human herpesviruses. Attempts will continue to isolate
and characterize RNA tumor viruses and to detect virus information in various
mammalian species, especially higher primates including man.

Publications :

Goldberg, R.J., Levin, R., Parks, W.P., and Scolnick, E.M.: Quantitative
analysis of the rescue of RNA sequences by mammalian type C viruses.
J. Virol . 17: 43-50, 1976.

Goldberg, R.J. and Gravell, M.: A search for herpes simplex virus Type 2

markers in cervical carcinoma. Cancer Res . 36: 795-799, 1976.

Scolnick, E.M., Goldberg, R.J., Williams, D., and Parks, W.P.: Characteriza-
tion of rat genetic sequences of Kirsten sarcoma virus: a distinct class of

endogenous rat type C virus. J. Virol , (in press), 1976.

Parks, W.P., Hubbell, E.S., Goldberg, R.J., O'Neill, F.J., and Scolnick, E.M.;

High frequency variation in mammary tumor virus expression in cell culture.

Cell (in press), 1976.
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d. Scientific Information Management Unit

The Information Unit within the Office of the Associate Director performs a

variety of special services for the total Viral Oncology Program. It is

primarily responsible for the collection and dissemination of scientific
information in the area of virus cancer research. Services are available
to all staff members. Virus Cancer Program contractors and, as far as
possible, to persons outside the Viral Oncology area. During the past
year, major activities have included the following:

(1) Inclusion of Cancer Virology Research in ICRDB : The Information Unit
maintains an extensive collection of reprints which are the result of
research in viral oncology by in-house and contractor investigators.
Arrangements have been made with the International Cancer Research Data
Bank (ICRDB) to have this information processed for inclusion in the
National Library of Medicine computer system and made available to users
via NLM's biomedical communication network, particularly CANCERLINE.
At present, CANCERLINE is available to more than 400 locations linked
to the NLM computer system in medical schools, medical research
institutions, regional medical libraries, cancer centers and hospitals
throughout the United States, and in several countries outside the U.S.

Ongoing research is included in the data bank, as well, through an inter-
agency agreement with the Smithsonian Science Information Exchange.

(2) Literature Searches : During FY 76, the Information Unit has performed
literature searches through MEDLINE and CANCERLINE at the request of
various staff members as well as contractors.

(3) Virus Cancer Program Bibliography : Citations to all papers published
by Viral Oncology staff members and contract researchers are available
upon request. Special listings are prepared for the NCI Annual Report
and the VCP Annual Progress Report.

(4) Program Analysis System : A computerized management information system
for Viral Oncology is being implemented to provide budgetary, scientific
and administrative information. It will be the responsibility of this
office to maintain the system, updating data constantly. Information
required for a great variety of purposes will be instantly retrievable.

(5) Viral Oncology Contractor Directory : This publication contains the names,
addresses and telephone numbers of contractors, principal investigators,
project officers and contract specialists. Its purpose is to provide
up-to-date information to facilitate communications between staff
members and contractors. This office maintains current records which
are used as the basis for the computerized Program Analysis System.

(6) Contractors' Progress Reports : Annual and semi-annual reports of
scientific progress are requested on schedule from Virus Cancer Program
contractors and distributed to program management personnel and review
committees. Condensed summaries of these reports are compiled and
distributed to program scientists in February and August.
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I Scienfitic Information Management Unit (continued)

(7) Library : A small library facility is maintained in Building 37 for
the use of Viral Oncology staff. Over forty scientific journals are
received regularly and over four hundred volumes, monographs and other
publications are collected. We have recently received over a hundred
volumes from a private collection of works on virus research.

I

i
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2. a. LABORATORY OF DNA TUMOR VIRUSES
July 1, 1975 - June 30, 1976

The Laboratory of DNA Tumor Viruses plans and conducts research on DNA
viruses to define their role in the development of cancers in animals and
man; develops and applies biological, biochemical and immunological proce-
dures to obtain evidence for virus genetic expression in neoplastic cells;
and investigates the mechanisms by which cellular gene expression, viral
gene expression, and interactions between viruses influence transformation
of cells.

The Microbiology Section applies virologic, biochemical and immunological
techniques to the study of the biology of herpesviruses and the nature
of their association with certain cancers in humans and in animals with
emphasis on the elucidation of the mechanisms whereby viruses of this group
establish occult infections in cells which terminate in neoplasia; and
defines the role of herpesviruses in oncogenesis by investigation of their
effect on normal cellular control mechanisms and of the effects of herpes-
virus and type C RNA virus interactions in dually-infected cells. The Virus
Tumor Biology Section studies the mechanisms of cellular transformations
induced by human and"~simian papovaviruses; evaluates the effects of viral
infection on cellular control mechanisms by comparing transcription and
translation of virus genome information in transformation and in lytic
responses to infection; and studies specific portions of the viral genetic
sequences responsible for cellular transformation by genetic mapping of the
small DNA viruses. The Virus Tumor Biochemistry Section conducts research
on the specific protein and nualeic acid components of DNA viruses, and
includes the capability for the isolation and characterization of virion
structural and non-structural proteins of RNA viruses for collaborative
studies on virus interactions in the oncogenic process; studies translational
processes in vitro ; and maintains electron microscope support for the research
conducted by the laboratory. The Primate Virus Secti on studies the relation-
ships between virus and host factors that contribute to the pathologic
processes involved in oncogenesis with particular emphasis on herpesviruses
associated with induced neoplasia and cellular susceptibility genes that may
predispose individuals to the development of cancer. The Cell Physiology
Section studies the alterations which occur in cells transformed by various
means, including DNA tumor viruses; identifies enzymes of viral or cellular
nature and determines the effects of transformation on cellular enzymes;
investigates the influence of virus infection on the regulation of cellular
enzymes with emphasis on the delineation of processes which result in

repression or derepression of normal cell components; studies changes in the
properties of cellular membranes induced by virus infection and their rela-
tionship to malignancy; and provides expertise for the study of both RNA
and DNA viruses to complement activities within the Laboratory. The Office
of the Chief coordinates the research conducted in the Sections with due
recognition to the scientific freedom of the individual investigators. The
Office is responsible for establishing collaborative research efforts between
investigators in the Laboratory and other laboratories at NIH or elsewhere.
The Chief directs the general activities within the Laboratory with the aid

of the Assistant Chief.
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The Laboratory was established during the present fiscal year. The Sections
fully functional at present include the Microbiology Section, the Virus
Tumor Biochemistry Section and the Primate Virus Section, The two remaining
Sections are being staffed and equipped.

The Head of the Primate Virus Section represented the Viral Oncology Program
at the opening of a new W.H.O, collaborating center for collection and
evaluation of data on comparative virology in Munich, Germany, and has been
active in international collaboration and coordination of investigations on
oncogenic herpesviruses.

The Epstein-Barr virus (EBV) is present in multiple copies in carrier lympho-
blastoid cells largely in a non-integrated form. By treating the cells with
cycloheximide, it is possible to reduce the number of copies present within
the cells. In studies performed during the past year, a clone of cells so
treated was found to carry only a single EBV genome. Treatment of these
cells with iododeoxyuridine did not induce virus gene expression in contrast
to positive induction in clones bearing multiple genome copies. This
suggests that only episomal virogenes are readily activated by drug treatment.

The cellular regulatory control over EBV gene expression in carrier cultures
is well documented. Infection of EBV-producing and non-producing lympho-
blastoid cell lines with herpes simplex viruses (HSV) resulted in persisting
infections in the absence of cell lysis, suggesting that these cells exerted
similar control over certain functions of these viruses. After continuous
passage during which herpes simplex virions were continuously produced, as

much as 80 percent of the cell population contained HSV antigens. The DNA
of the virions produced was physically indistinguishable from the DNA of
virions obtained from lytic infections. Hybridization experiments suggested
the presence of HSV DNA in host cell DNA.

EBV soluble (S) antigen activity was recovered from Raji or P3HR-1 cells
with glycine buffer at pH 9.5. The kinetics of the heat inactivation at 56°

of partially purified S antigen from Raji cells indicated that this antigen
had multiple components. Data on the characterization and purification of
S antigens from various cell lines would be useful in comparisons to determine
possible differences in viral strains.

In an attempt to characterize S antigen, nuclei were isolated from P3HR-1
and Raji cells, and nuclear protein was labeled with ^'*C amino acids and
35$ methionine. In SDS-PAGE techniques antigen from both cell types was
similar. All anti-EBNA activity was removed when anti-EBNA positive NPC
sera were allowed to react with nuclear S antigen. This suggested strong
similarities between EBNA and this S antigen.

The effects of phosphonoacetic acid (PAA), 2-deoxy-D-glucose and 5-tungsto-
2-antimoniate (HPA-23) on Herpesvirus saimiri (HVS) and EBV were determined
in v itro . PAA reversibly blocked HVS replication, but allowed the expression
o7 HVS early antigen. PAA did not inhibit expression of EBNA, EBV early
antigen and EBV S antigen. 2-DG failed to inhibit HVS replication. HPA-23
enhanced the cytopathic effect and replication of HVS. However, it had no

effect on EBV virus capsid antigen production in HK-Ly28 or Raji cells.
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PAA inhibited highly purified DNA polymerases I and II from Vero cells.
HPA-23 inhibited highly purified murine and avian reverse transcriptases,
with a greater effect on the maiTimalian enzyme. Highly purified DNA poly-
merases I and II from P3HR-1 and MLC-1 cells also showed differential
inhibition.

Herpes simplex viruses, irradiated with ultraviolet light to destroy cytolytic
activity, transform cultured hamster and mouse cells. Since such cells are
known to carry endogenous type C RNA virus genetic information, investigations
were made to determine whether the herpesvirus was directly responsible for
the transformation process or whether activation of RNA virus was involved.
The results demonstrated that activation of a xenotropic murine RNA virus
resulted from the herpesvirus infection of mouse cells. Maximum levels of
the type C virus were reached one day after the herpesvirus infection and
returned to control levels within 3 to 4 days. The amount of virus activated
was dependent on the multiplicity of herpesvirus infection and on the dose
of UV-irradiation to which it had been exposed. Since the herpesvirus-
induced cell transformations occur in rodent cells and are almost uniformly
fibroblastic in nature, the interaction of these two viruses is a possible
cause of the transformation observed.

The DNA of HSV-1 produced in Vero cells infected at low multiplicity (L-MOI)
was compared with that produced following high multiplicity of infection
(H-MOI) by restriction enzyme analysis. By endo R Eco Rj analysis, L-DNA
yielded the characteristic 15 fragments; the profile of H-DNA was more complex,
The absence of endo R Hind III cleavage sites on H-DNA gave further evidence
for considerable redundancy. Velocity sedimentation analysis showed H-DNA
to be heterogenous in size, and in the region where the lighter fractions
sedimented, about 2 percent of the input counts of radiolabel bound to Vero
cell DNA, suggesting the presence of a small but significant amount of host
DNA in the viral DNA.

A mixture of fragments of HSV DNA cleaved by the restriction endonuclease
Eco Ri , including A, DB2 and B fragments, transformed mouse 3T3 cells with
greater frequency than the total unfractionated Eco R] product or sheared
DNA, suggesting that this portion of the HSV genome is enriched for the
sequences for transformation. Further studies will be made to localize
the sequences associated w.ith transformations.

A number of syncytium-producing HSV-1 variants were obtained by passage of
cloned, round-cell plaque-producing HSV-1 through different host cells.
Serial passage of the parental round-cell plaque-producer through Rauscher
murine leukemia virus-infected JLSV-9 cells resulted in the emergence of
predominantly syncytial plaque-producing progeny which had the ability to
produce plaques on chicken embryo fibroblasts, a property not possessed by
the parental virus. Only a small, variable number of similar variants
emerged in uninfected JLSV-9 cells, suggesting that coincident RNA virus
production in the host cell had considerable influence on the modification
of the herpesvirus. The variant from JLSV-9/RLV cells was shown to possess
a virion density greater than the parental strain, to be less stable at
elevated temperature and to have differences in the G and I cleavage products
following digestion of the viral DNA with Eco Ri. The differences in the
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G and I fragments suggest these contain the syncytium- producing locus,

since these fragments map adjacently,

The viral products obtained when owl monkey kidney cells were infected with
Herpesvirus saimiri (HVS) at different multiplicities of infection (MOI)

were examined. Five species of DNA were recognized by their density in

cesium chloride equilibrium centrifugation: 1.729; 1.718; 1.712; 1.704; and

1.594 gm/cm^. The data indicated that the species of HVS DNA synthesized
could be regulated by the MOI, The DNA isolated at a density of 1.704 g/cm^
is infectious. The 1.704 and 1,694 species were not sufficiently well separ-
ated to establish the role of the DNA at 1.694 g/cm^, but since it is the

major peak at the highest MOI, it may be the infectious DNA, All the other
DNA species may consist of 1.694 DNA covalently linked with varied of amounts
of tandem repeated sequences at high G + C moles percent DNA similar to the

1,729 g/cm^ species, which is thought to be the DNA of defective virions or

tandem repeated DNA sequences sheared from the ends of 1.704 DNA. Endo-SMA I

restriction enzyme cleaved the high G + C moles percent DNA sequences of the

1.704 g/cm3 DNA species, which contains both low and high G + C portions.

Preliminary mapping of these fragments, as well as fragments generated from
the unique portion of the DNA by cleavage with 5 other endonucl eases, was
achieved.

A unique HVS-induced DNA polymerase was separated from normal cellular DNA

polymerase and a virus-induced DNAse. The virus-induced enzyme required a

pH of 8.5, magnesium, activated DNA or poly(dC)'oligo(dG) as template and

high salt for optimal activity.

RNA isolated directly from avian myeloblastosis virus (AMV) were used for

the cell-free synthesis of oncornavirus-specific polypeptides. By criteria
of gel electrophoresis and immunospecific antigen-antibody precipitation,
the product synthesized j£ vitro appears to be identical to polypeptide
components isolated from plasma AMV virions. Such studies may yield
information identifying virus proteins essential to the transformation
process.

An agarose-ethidium bromide gel electrophoresis method was developed which
permits visualization of 500-1000 nanogram quantities of viral -specific RNA

by UV fluorescence, which can be photographed and compared to reference
viral RNA as well as to molecular weight standards. Nanogram quantities of

murine sarcoma virus-specific RNA detected by this procedure were reisolated
and further analyzed by hybridization methods.

A 60,000 dalton polypeptide, p50, was found to be the major virion protein

in cells infected with the feline leukemia virus pseudotype of Moloney murine
sarcoma virus (MSV m-1), It is the uncleaved precursor to the p30, pl5 and

pl2 virus structural peptides. Its presence in all cells transformed by the

MSV m-1 genome indicates it is a sarcoma-specific protein, and for this

genome, a marker of transformation. The p60 protein is phosphorylated, and

binds to single-stranded DNA and RNA but has no affinity for double-stranded
DNA, suggesting a regulatory role. Its effect on cell metabolism may be

associated with the transformation event,

1293



SMITHSONIAN SCIENCE INFORMATION EXCHANGE
PROJECT NUMBER (Do NOT use this space)

U.S. DEPARTMENT OF

HEALTH, EDUCATION. AND WELFARE
PUBLIC HEALTH SERVICE

NOTICE OF
INTRAMURAL RESEARCH PROJECT

PROJECT NUMBER

Z01-CP'-Q4834-Q7-LDTV

PERIOD COVERED

July 1, 1975 through June 30, 1976

TITLE OF PROJECT (80 characters or less)

Studies on Epstein-Barr Virus and Herpesvirus saimiri

NAMES, LABORATORY AND INSTITUTE AFFILIATIONS, AND TITLES OF PRINCIPAL INVESTIGATORS AND ALL OTHER
PROFESSIONAL PERSONNEL ENGAGED ON THE PROJECT

PI: D. V. Ablashi
OTHER: J. M. Easton

Z. Bengali

Head, Primate Virus Sect. LDTV, NCI

Medical Director LDTV, NCI

Visiting Fellow LDTV, NCI

COOPERATING UNITS:

D. Twardzik
J. Luetzeler
H. Aaslestad
G. B. de JM
G. R. Pearson
C. Jasmin
J. Hesse
R. Glaser

Office of Biohazard Safety, NCI, NIH
LVC, NCI, NIH
Litton Bionetics, Inc., Frederick, MD
Int. Agency for Res. on Cancer, Lyon, France
Microbiol. Sect., The Mayo Clinic, Rochester, MN

j

Inst, de Cancer, et d' Immunogenetique, Villejuif, France i

Inst. Med. Microbiol. Univ. of Copenhagen, Copen. .Denmark

Dept. of Microbiol., The M.S. Hershey Med. Ctr. , Hershey.PA
LAB/BRANCH

SECTION

Office of the Associate Director, Viral Oncology Program
Laboratory of DNA Tumor Viruses

Primate Virus Section

INSTITUTE AND LOCATION

Division of Cancer Cause & Prevention, NCI, NIH, Bethesda, Maryland 20014

TOTAL MANYEARS:
3.0

PROFESSIONAL:

1.0
OTHER:

2.0

SUMMARY OF WORK (200 words or less - underline keywords)

The immunovirological , seroepidemiological , chemotherapeutic, pathological
and biochemical studies will be continued to relate and aid in understanding
the role of oncogenic herpesviruses of primates in cancer cause and preven-
tion.

The section will continue international activities consisting of coordination
between NCI Viral Oncology Program and lARC International Reference Program
of oncogenic herpesvirus, W.H.O./F.A.O. Program on Comparative Virology,
W.H.O. Collaborating Center for Collection and Evaluation of Data on

Comparative Virology. Under this activity we will exchange, test and supply
reagents and provide consultation and exchange of data of mutual interest
to NCI and these organizations.

1294
PHS-6040
(12-75)



Project No. Z01-CP-04834-07-LDTV

Project Description

Objectives :

To study herpesviruses associated with neoplasia in humans and non-human

primates to obtain better understanding of the host-virus relationship with

respect to disease.

Methods Employed :

Primary cell cultures and continuous cell lines of human and animal origin

were used for virus isolation, biological and biochemical assays, and in

vivo experimentation. Standard biochemical and iirmunological procedures

were applied.

Major Findings :

Efforts were made to recover and characterize the soluble antigens induced

by the Epstein-Barr virus (EBV) in cultured lymphoblasts. Recovery of the

antigen was followed by a micro complement-fixation procedure based upon

the release of ^^Cr from labeled sensitized sheep erythrocytes. Extraction
of soluble antigen from cultured cells was considerably improved when a 0.1 M

glycine buffer in 0.15 M NaCl at pH 9.5 was used. Partial purification of

this antigen was achieved by centrifugation and column chromatography on

hydroxyapatite followed by ammonium sulfate fractionation. The partially-

purified material blocked serological reactions with the EB nuclear antigen,

suggesting the presence of related component.

In contrast to observations reported by another laboratory, EBV-induced

lymphoma was not observed in the common marmoset, Callithrix jacchus , follow-

ing infection by the B95 strain.

The inhibitory effects of phosphonoacetic acid (PAA) and 2-deoxy-D-glucose

on the replication of EBV and Herpesvirus saimiri (HVS) were studied. PAA

applied immediately after absorption of HVS inhibited its replication in

cultured cells. The inhibition was reversible. This compound had no effect

on the expression of EB nuclear antigen or early antigens in EBV cell

systems. Inhibition of highly purified cellular DMA polymerase was observed.

The replication of HVS and the levels of early antigen and virus capsid

antigen were not affected by 2-deoxy-D-glucose. DEAE dextran, dextran sulfate

and polybrene did not affect the infectivity of HVS, but 25 mg per ml of

heparin in culture fluids reduced HVS production by about 2 logs.

Studies on Herpesvirus ateles (HVA) were hampered by low virus yields. The

best production was achieved in marmoset kidney cells, which yielded titers

of about lO^'S TCID50/ml , Early and late forms of HVA-induced cell membrane
antigens were demonstrated in owl monkey kidney cells infected with virus

strain 73; a similar observation has been reported for EBV-infections.

1295



Project No. Z01-CP-04834-Q7-LDTV

The Section has actively participated in international collaborative
activities for the study of herpesviruses and oncogenesis through exchange
of information and reagents and provision of training.

Significance to Biomedical Research and the Program of the Institute :

The development of methods to purify and characterize EBV-induced soluble
antigens offers an approach to distinguish strain differences between viruses
isolated from different source materials, and thus possible differences with
respect to disease.

Proposed Course :

The biochemical, immunological, biological, and chemotherapeutic studies
will be continued to aid in understanding the role of human and non-human

oncogenic viruses in the cause and prevention of cancer.

The section will continue the coordinating role in the lARC International

Reference Center for human tumor associated viral reagents, as well as

being an active reference laboratory for simian viral reagents.

The international activities consisting of the training and/or exchange of

foreign investigators, the coordination between the NCI viral oncology and

the lARC reference center and supplying and testing of reagents for the
reference center and the W.H.O./F.A.O. simian viruses program will be

continued.

Publications :

Ablashi, D.V., Loeb, W.F., Pearson, G., Valeric, M.G., Armstrong, G.R.,

Cicmanec, J.L., Heine, U. and Kingsbury, E.W.: Comparison of lymphomas
induced in owl monkeys with Herpesvirus saimiri (HVS), heated HVS, and

HVS-genome carrying cells. In Severi , L. (Ed.): Monograph of the Fifth

International Conference on Multiple Primary Malignant Tumors . Perugia,

Italy, Div. Cancer, Res. Univ. Perugia, 1975, pp. 721-729.

Ablashi, D.V.: Summary Epstein-Barr virus workshop. Am. Soc. Microbiol .

News 41: 364-365, 1975.

Ablashi, D.V., Aaslestad, H.G., and de Th^, G.B. (Eds): Proceedings of

International Workshop on Epstein-Barr virus production, concentration and

purification . Lyon, France, W.H.O. International Agency for Research
on Cancer, 1975, pp. 1-338.

Ablashi, D.V. and Easton, J.M.: Preventive vaccination against
Herpesvirus saimiri-induced neoplasia. Immunologic Control of Virus-
Associated Tumors in Man: Prospects and Problems. Cancer Res . 36:

701-703, 1976.
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Ablashi, D.V,, Aaslestad, H.6. and de The, G.: Workshop o" ^pstein-Barr

virus: Summary and recommendations. J. Natl. Cancer Inst. 56: 451.1976.

Ablashi D v.: Discussion-Summary-Vaccination and other protective measures.

Tn dfThe G Epstein, M,A. and zur Hausen, H. (Eds.): Oncogenesis and

ierpesv^ruseril'! Plrt 2. Lyon, France, International Agency for Research

on Cancer, W.H.U., 1975, pp. 361-362.

Didier M L Ablashi, D.V., Oie, H.K., Armstrong, G.R., Easton, J.M., Chu,

E S and Rab^on, a!s. Som; biological properties of Herpesvirus saimiri

from Chronical"; infected monolayer and suspension cultures. In de Th6, G.,

EDstein S A and zur Hausen, H. (Eds.): Qr^co3enes2S_au^,J^^

Part 1 lion, France, International Agency for Research on Cancer, W.H.O.,

1975, pp. 491-495.

Easton J r4 Ablashi, D.V., de Th§, G.B., Levine, P.H., Twardzik, D.R.,

Afsfestad'^HlG^ and A;mstrong, G R.: Association of Epstein- arrv.ruEBV)

and American Burkitt's lymphoma (AmBL) In de The, G. Epstein, M.A ana

zur Hausen, H. (Eds.): OncMenesis^niHe^^ Part 2 Lyon

France, International Agency for Research on Cancer, W.H.O., 197b, pp.

43.

Twardzik D R , Luetzeler, J. and Ablashi, D.V.: Activation of DNA polymerase

{from non-hLn primate cell culture by p-chloromercunbenzoate. IRCS

Medical Science , United Kingdom 3: 229, 1975.

A^ Th£> r /Vhia<;hi D V Favre, M.C., Mourali, N., Ellouz, R.

:

e ce'of Bv"nuciea;'antiren in nasopharyngeal carcinoma NPC) biopsies

and their derived cultures. In Ito, Y. and Dutcher, R.M (Eds.).

Leukemoqenesis , No. 40. Tokyo, University of Tokyo Press, 1973, pp. 101

103.

J -1 n D flaciocfar-i H fi Ablashi, D.V., Tureckova, M.I., Gravell, M.

ir el ne :h.-"S rJsSn'of SN^'oiWase activUies from an Amerjcan

Burkitt's iymphoma cell line and EBV producer and
"°''-g™J"=f,3 f ^^^jH^Jpes^

Ho Thp R EDstein, M.A. and zur Hausen, H. (Eds.), uncogenesis ctnu ner |jcd

virlse; U. Part 5: Lyon, France, International Agency for Research on

CiHcerTwTH.O., 1975, pp. 237-245.

fl;,^lP^tad H G Twardzik, D.R., Armstrong, G.R., Zeve, V. and Ablashi, D.V.:

p1urif?ck{rand biochemical characterization and H^^^^

(u\i<^^ Tn (\P lh& G Epstein, M.A. and zur Hausen, H. (Eds.), oncogenesis

Ind Lrpesvlrules'll.:' Part 1.' Lyon, France, International Agency for Research

^f^rcif^r, W.H.O., 1975, pp 269-275.

Twardzik, D.R., Armstrong, G.R. and Ablashi , D V : ^uHiple soluble comple-

mpnt fixina antigens in an Epstein-Barr virus (EBV)-producing ceii nne.

TrSLediilZM^^
Concentration and Purification: Lyon, France, International Agency for

Research on .Cancer, W.H.O., l'975, pp. 245-256.
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Oie, H.K., Easton, J.M., Ablashi, D.V. and Baron, S.: Induction of and
sensitivity to interferon by murine cytomegalovirus in vitro . Infection
and Immunity 12: 1012-1017, 1975.

de The, G. , Ho. J.H.C., Ablashi, D.V., Day, N.E., Macario, A.J.L., Martin-
Berthelon, M. C ., Pearson, G. and Sohier, R.: Nasopharyngeal carcinoma.
IX. Antibodies to EBNA and correlation with response to other EBV antigen
in Chinese patients. Int. J. Cancer 16: 713-721, 1975.

Armstrong, G.R., Orr, T. , Ablashi, D.V., Pearson, G.R., Rabin, H., Loeb,
W.F. and Valerio, M.G.: Characterization of Herpesvirus saimiri isolated
from a chronically infected owl monkey. J. Nat. Cancer Inst. (In press).

Twardzik, D.R., Ablashi, D.V., Easton, J.M. and Armstrong, G.R.: Soluble
complement-fixing antigens in Epstein-Barr virus cell systems. The
Proceedings Vllth International Symposium on Comparative Leukemia and
Related Diseases . Copenhagen, Denmark, S. Karger Basel , 1975 (In press).

Kalter,S.S., Ablashi, D., Espana, C, Heberling, R.L., Hull, R.N., Lennette,
E.H., Malherbe, H., McConnel , S., Pereira, H. and Yohn, D.S.: A review of
simian virus nomenclature with suggested changes. Intervirology (In press).

Ablashi, D.V., Aaslestad, H.G. and Easton, J.M.: Oncogenic Herpesviruses.

Conference on Advances in Comparative Virology . Munich,
Germany, W.H.U. Col laborating Center tor collection and Evaluation of Data
on Comparative Virology, 1975 (In press).

Ablashi, D.V., Armstrong, G.R., Fellows, C, Easton, J.M. and Twardzik, D.:

Evaluation of the effects of phosphonoacetic acid (PAA) and 2-Deoxy-D-glucose
(2DG) on Herpesvirus saimiri (HVS) in Vero cells. Proceedings of Third
International Symposium on Detection and Prevention of Cancer . New York,
New York, 1976 (In press).
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SUMMARY OF WORK (200 words or less - underline keywords

Antibody titers to Epstein-Barr virus (EBV) virus capsid antigens (VCA)

were significantly higher in patients with Hodgkin's disease (HD) than in

controls. Herpes simplex virus (HSV) antibodies were also elevated in

the HD patients as compared to controls, but the difference was not as

significant as with the EBV VCA. Pair analysis, where the titer in each

case was compared to that of a matched control , demonstrated that the

increased VCA titers were clearly due to patients, both male and female,

with nodular sclerosis sub-type of HD. Levels of antibody to EBV VCA were

studied in seven German patients with nasopharyngeal carcinoma . Four had

titers equal or greater than 2560, one had a titer of 320, one had a titer

of 160, and one had a titer of 80. Antibody levels to EBV early antigen

were also studied. Two sera had titers of 10 or less, one had a titer of

80, one had a titer of 160, and one had a titer of 640. Nine sera from

eight American patients with NPC were studied for antibody to EBV soluble

antigen. Three of these sera were negative.

1299

y

I

PHS-6040
(12-75)



Project No. Z01-CP-04849r03-LDTV

Project Description

Objectives :

1. To study the activities of sera from Danish Hodgkin's disease (HD)

patients and from German nasopharyngeal carcinoma (NPC) patients against
various Epstein-Barr virus (EBV) antigenic specificities. The Danish popula-
tion was studied because it is relatively homogenous and well -characterized.

2. To study the pathology of tumors induced in nude mice by the inoculation
of P3HR-1 cells (a line derived from a Burkitt's lymphoma), D98 cells (a

HeLa cell variant) and hybrids of the two cell types.

3. To study the effect of 5-tungsto-2-antimoniate (HPA-23) on Herpesvirus
saimiri (HVS) and EBV in vitro .

Methods Employed :

The following tests were employed in studies of patients and control sera.
The three-stage EBNA test was used, employing NAB-1 cells, to titrate antibody
to EBV nuclear antigen. S antigen was prepared by standard cell disruptive
and ultracentrifugal techniques from NAB-1, HKLy-28, and P3HR-1 cells. A
standard microtiter complement-fixation test was employed. For the detection
of antibody to EBV viral capsid antigen (VCA) and early antigen (EA), the
indirect immunofluorescence test was performed. Acetone-fixed drops of
washed cells were used as antigen. The P3HR-1 cell line was used as a

source of capsid antigen (VCA), and Raji cells, pre-incubated for 24 and 48
hours with EBV, were used for early antigen. Antibodies to herpes simplex
virus type 1 (HSV-1) were measured by complement-fixation.

Tumors from nude mice were processed by standard techniques for pathologic
examination. Animals were inoculated, and cell cultures prepared, by
standard methods.

In studies with HPA-23, human and simian cell cultures were maintained using
standard techniques. Drug dilutions were made, and cell and direct virus
toxicity were determined. Effect on virus replication was made by pretreat-
ment and post-treatment of cells in relation to addition of virus. Titers
were performed and calculated by standard techniques.

Major Findings :

1, Antibody titers to EBV VCA were significantly higher in the patients
with Hodgkin's disease (HD) than in the controls. HSV antibodies were also
elevated in the HD patients as compared to controls, but the difference was
not as significant as with the EBV viral capsid antigens. Pair analysis,
where each case's titer was compared to that of a matched control, demonstra-
ted that the increased VCA titers were clearly due to patients, both male
and female, with the nodular sclerosis subtype of HD. Titers were also
elevated in males with the lymphocyte predominance subtype. Antibody titers
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to HSV were also higher in males with nodular sclerosis. The relationship
of EBV and HSV antibody titers in the same individuals was evaluated to deter-

mine whether a general phenomenon was responsible for the increased titers

to herpesviruses. Although a weakly significant correlation between anti-

bodies to HSV and to VCA was found, a high titer to VCA was often found in

individuals negative for antibody to HSV. The converse was also seen.

2. Levels of antibody to EBV viral capsid antigen were studied in seven

German patients with NPC. Four of these had titers equal or greater than

2560, one had a titer of 320, one had a titer of 160, and one had a titer of

80. Antibody levels to EBV early antigen were also studied. Two sera had

titers of 10 or less, one had a titer of 80, one had a titer of 160, and one

had a titer of 640. Nine sera from eight American patients with NPC were
studied for antibody to EBV soluble antigen. Three of these sera were negative,

three were positive at a dilution of 1:4, and three were positive at dilutions

of 1:8, 1:16, and 1:32. Serum from a Chinese NPC patient had a titer of 1:64.

3. Examination of tumors in nude mice induced by P3HR-1 cells showed that

they were poorly differentiated lymphomas. A "starry sky" pattern was not

evident. Tumors induced by the D98 cells and by the D98-P3HR-1 hybrids were

carcinomas. The carcinomas induced by the hybrids were undifferentiated, but

the carcinomas induced by the D98 cells showed histologic evidence of more

differentiation than the hybrids. Study of hybrid cells in cell culture
revealed that they contained EBNA.

4. HPA-23 enhanced the cytopathic effect and replication of Herpesvirus
saimiri when the virus was absorbed either prior to or after treatment with

the compound. Treatment with HPA-23 caused increased production of EBV VCA

in a cell strain which normally makes relatively little of this antigen. The

compound had no effect on EBV or VCA production in a cell strain which normally

makes relatively large amounts of both EBV and VCA. Highly purified murine

and avian reverse transcriptases were inhibited to different degrees with a

greater effect on the mammalian enzyme. Highly purified DNA polymerases I

and II from P3HR-1 and MLC-1 cells also showed differential inhibition.

Significance to Biomedical Research and the Program of the Institute :

Because previous studies of EBV in HD have been based on selected groups of

patients, this study was undertaken to evaluate the immunity to EBV in a more

representative population of untreated patients. This study took advantage

of a long-term, concerted, prospective research project on the clinical,

therapeutic, pathologic and virologic aspects of HD, which has been able to

reach 100 percent of all newly diagnosed cases of HD in Denmark since 1970.

It was hoped that data on a population-based group of HD patients, character-
ized by age, sex, and socioeconomic status, might provide further information
on the possible value of EBV titer in studies on the etiology, host immunity,

and prognosis of HD. Although the size of the patient group and the population

basis may explain the differing results between this study and American series,

another possibility may be the difference between the inhabitants of the two

countries. Regardless of the reasons for different EBV patterns, accumulating

laboratory data are providing mounting evidence that EBV is not etiological ly
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associated with HD. This disease may have more than one etiology, however,
because of its histologic diversity and variable incidence patterns. Because
of the evidence that HD does have an infectious etiology, EBV may not yet be

ruled out as one possible etiologic factor.

Although antibody levels to VCA were elevated in German NPC patients,
antibody levels to EBV early antigen tended to be low, Antibodies to S

antigen were not elevated in the American patients. Thus, patients with
different backgrounds may have different immunologic responses to EBV, and
NPC also may have more than one etiology.

The induction of undifferentiated carcinomas containing EBNA in nude mice
by the D98-P3HR-1 hybrid provides an ideal model system for studying NPC.

Human tumors growing in nude mice have already been exploited as models for
the evaluation of chemotherapeutic agents, and have shown promising corre-
lations to observations made in cancer patients. These correlations may
also exist for other methods of treatment. In a similar fashion, the tumors
induced by P3HR-1 cells may provide a model system for the study of viral ly-

induced lymphomas.

Reverse transcriptase is needed for the "nuclear step" of oncornavirus
replication during the primary infection of cells. The great susceptibility
of the murine reverse transcriptase to HPA-23 may explain the important
inhibition of de novo infection, with murine oncornavirus, of cells in a

medium containing HPA-23,

Proposed Course :

Anti-EBV titers will be correlated with other parameters of HD patients to
try to determine what relationship the virus bears to the disease. We also
hope to study why different populations have different responses to EBV, and
what the factors may be which cause these differences. We hope to examine
the relationship of EBV to NPC in various populations by continuing the study
of sera from NPC patients from different areas.

Transplantation studies on tumors in nude mice will also be continued to
determine the minimum inducing dose and to see if the properties of the
tumors remain stable on repeated passage. We also hope to use nude mice
with tumors as models for the chemotherapy and immunotherapy of human herpes-
herpesvirus-related neoplasms.

Publ ications:

Easton, J.M., Ablashi, D.V., de-The, G.B., Levine, P.H,, Twardzik, D.R.,
Aaslestad, H.G. and Armstrong, G.R.: Association of Epstein-Barr virus (EBV)
and American Burkitt's lymphoma (AmBL). In de The, G., Epstein, M.A. and
zur Hausen, H. (Eds.): Oncogenesis and Herpesviruses II . Part 2. Lyon,
France, International Agency for Research on Cancer, WHO, 1975, pp. 37-43.
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Didier, M.L., Ablashi, D.V., Oie, H.K., Armstrong, G.R., Easton, J.M.,

Chu, E.W. and Rabson, A.S.: Some biological properties of Herpesvirus
saimiri from chronically infected monolayer and suspension cultures. In

de Thg, 6., Epstein, M.A. and zur Hausen, H. (Eds,): Oncogenesis and

Herpesviruses II . Part 1. Lyon, France, International Agency for Research
on Cancer, WHO, 1975, pp. 491-495.

Oie, H.K., Easton, J.M., Ablashi, D.V. and Baron, S.: Induction of and

sensitivity to interferon by murine cytomegalovirus in v itro . Infec. Immun.

12: 1012-1017, 1975.

Ablashi, D.V. and Easton, J.M.: Preventive vaccination against Herpesvirus

saimiri-induced neoplasis. Symp. on Immunologic Control of Virus-Associated
Tumors in Man: Prospects and Problems. Bethesda, Maryland. Cancer Res. 36:

701-703, 1976.

Twardzik, D.R., Ablashi, D.V., Easton, J.M. and Armstrong, G.R.: Soluble

complement fixing antigens in Epstein-Barr virus cell systems.

Proceedings Vllth International Symposium on Comparative leukemia and

Related Diseases . Copenhagen, Denmark, S. Karger, Basel, 1975 (In press).

Ablashi, D.V., Aaslestad, H.G. and Easton, J.M.: Oncogenic herpesviruses.

Conference on Advances .in Comparajtiye Virology . WHO Collabor-
ating Center tor Collection and tvaluation or uata on Comparative Virology,

1975 (In press).

Ablashi, D.V., Armstrong, G.R., Fellows, C, Easton, J.M. and Twardzik, D.:

Evaluation of the effects of phosphonoacetic acid (PAA) and 2-deoxy-D-

glucose (2DG) on Herpesvirus saimiri (HVS) in Vero cells. In Proceedings of

Third Internationa! Symposium on Detection and Prevention of Cancer , New

York, N.Y., 1976 (In press).
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The induction of hemoglobin production in Friend leukemia cell lines

stimulated by DMSO also may be stimulated by various drugs or combinations

of drugs that interfere with protein , RNA or DNA synthesis .

At the onset of differentiation there is no decrease in viral 60-70S RNA

production, but the released particles exhibit reduced reverse transcriptase

activity. The DNA polymerase of Herpesvirus saimiri has been purified by

DEAE- and phosphocellulose chromatography and the salt, pH, temperature and

template optima have been determined.

•
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Project Description

Objectives :

1. To study the mechanisms controlling the initiation of hemoglobin
synthesis in Friend leukemia cells which differentiate along the erythroid
pathway when exposed to dimethyl sulfoxide (DMSO).

2. To examine enzymatic changes in host cells following infection with
herpesviruses; to examine the properties of herpesvirus-induced DNA polymerase
and thymidine kinase.

3. To delineate biochemical defects in the genetic disease erythropoietic

protoporphyria.

4. To examine defects in the heme synthetic pathway in hybrid erythroblas-
toid cells which may mimic blocks in heme synthesis occurring in human

porphyria.

Methods Employed :

Conventional biochemical procedures were utilized to follow alterations
occurring in cultured cells. Virus particles and viral RNA were concentrated
and purified by centrifugation and standard density gradient techniques.
6-Aminolevulinic acid (ALA) synthetase activity was measured by a radio-
chemical chromatographic procedure. Hemoglobin was measured using a

colorimetric method involving the benzidine reaction. Reverse transcriptase
(RT) was measured by disrupting pelleted virus with detergent, incubating

the lysates with ^h-TTP and collecting the trichloroacetic acid (TCA)-

precipitable product on membrane filters. DNA-dependent DNA polymerase
(D-DNAP) was measured by the incorporation of ^HdGTP into TCA-precipitable
product. Herpesvirus saimiri-induced D-DNAP was separated from normal

cellular polymerases and DNAse by gradient chromatography on DEAE-cellulose
and phosphocellulose.

Major Findings :

1. Hemoglobin biosynthesis and reverse transcriptase (RT) activity in

Friend leukemia cell lines: The Friend murine leukemia cell line T3-C12

continuously sheds Friend virus (FV) and can be induced to synthesize
hemoglobin in the presence of 2% DMSO. We have consistently observed
decreased particulate RT activity released from DMSO-treated cells compared

to that from control cells. When cell -free fluid from untreated T3-C12
cells was incubated with and without 2% DMSO for 1 day, no difference in RT

activity was observed suggesting that the decrease observed was not due to

DMSO itself, RT activity in fluid from DMSO-treated cells mixed with control

was less than that for the control fluid alone suggesting the presence of an

inhibitor. RT activity in DMSO-treated FV, banded in a sucrose gradient, was

less than that found in untreated FV similarly prepared indicating that the

inhibitor either bands at the same density as the virus or is packaged within
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the virus. RNase H and RT have been shown by others to reside in the same

polypeptide in FV. RNase H activities of control and DMSO-treated virus

shed from like numbers of cells were the same, suggesting that the DMSO

treatment stimulates the production, or activation, of a specific inhibitor

of RT.

2. Enzyme changes in cultured fibroblasts from patients with erythropoietic

protoporphyria: The activities of ALA synthetase, the first and limiting

enzyme in the heme synthetic pathway, and heme synthetase, the enzyme which

chelates iron to protoporhyrin to form heme, were measured in cultured skin

fibroblasts from protoporphyric patients and their parents in 3 families.

In each family, 1 parent had deficient heme synthetase activity when compared

to values in 8 nonporphyric controls. The level of deficient activity in

the 3 parents was similar to that in their affected child. In 2 families

the parent with deficient activity was also thought to be the carrier of the

abnormal gene as judged from clinical features. The activity of ALA synthe-

tase was normal in fibroblasts from the protoporphyric patients and both

parents, excluding a generalized defect in heme pathway enzymes or in

mitochondrial function. The results suggest that deficient heme synthetase

activity, inherited in an autosomal dominant pattern, is the fundamental

abnormality in protoporphyria, although it alone does not explain the various

clinical features.

3. Characteristics of the Herpesvirus saimiri virus-induced DNA polymerase:

Using techniques recently developed in this laboratory, we have been able

to produce relatively high titer H. saimiri virus. With this stock we have

infected OMK cells and attempted to isolate a virus-specific DNA-dependent

DNA polymerase (D-DNAP). We have separated a unique virus-induced enzyme

from normal cellular DNA polymerase and a virus-induced DNase by DEAE-

cellulose and phosphocellulose chromatography. The virus-induced enzyme

required a pH of 8.5, Mg, activated DNA or poly(dC)-oligo (dG) as template,

and high salt for optimal activity. It differs from the herpesvirus simplex-

induced D-DNAP in that the H. saimiri-induced D-DNAP does not require serum

albumin or dithiothreitol and exhibits high activity (but not optimal

activity) in the temperature range of 23-30°.

Significance to Biomedical Research and the Program of the Institute :

Investigations of metabolic changes during the differentiation of FV-

transformed cells can lead to a better understanding of the normal process

of red cell differentiation. The ability of drug combinations inhibiting

DNA and RNA synthesis to stimulate hemoglobin synthesis in this model system

can provide an improved understanding of drug action and aid in the

elucidation of control mechanisms for erythroid differentiation. The study

of herpesvirus-induced enzymes can lead to an understanding of how DNA

viruses replicate and infect host cells. Observations on the effect of

various inhibitors on the purified virus-induced enzymes may lead to possible

control of certain herpesvirus infections.
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Proposed Course :

Clones of Friend leukemia cells and their hybrids will be examined to define
interrelationships between malignancy and the control of red cell differen-
tiation. Attempts will be made to explain why inhibitors of RNA and DNA

synthesis are effective in initiating hemoglobin synthesis in Friend leukemia
cells.

Herpesvirus saimiri-induced D-DNAP will be further purified and characterized.
Its substrate specificity will be examined using purified DNA from various
cell types and herpesviruses. We will attempt to produce antibody against
the enzyme in rabbits. Various inhibitors of DNA polymerase will be tested
against the purified enzyme.

Publications:

Bonkowsky, H.L., Bloomer, J.R., Ebert, P.S. and Mahoney, M.J.: Heme synthesis
deficiency in human protoporphyria. Demonstration of the defect in liver

and cultured skin fibroblasts. J. Clin. Invest. 56: 1139-1148, 1975.

Ebert, P.S,, Wars, I. and Buell, D.N.: Erythroid differentiation in

cultured Friend leukemia cells treated with metabolic inhibitors. Cancer
Res. (In press)

.
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SUMMARY OF WORK (200 words or less - underline keywords)

A Moloney murine sarcoma virus (MSV) specific p60 polypeptide containing

murine group p30 and pl5E antigenic determinants, is also phosphorylated.

Both virion and cellular p60 are labeled with ^2p 35 is virion pl2. P60
also binds to single-stranded but not double-stranded nucleic acids.

Purified endonuclease restriction (endo R) Eco Rl fragments of herpes sim-

plex virus type 1 (HSV-1 ) DNA have been used successfully to transform mouse

Balb 3T3 cells. End terminal HSV-1 Eco Rl fragments are altered in size

and amount in syncytial plaque morphology variants of HSV-1 suggesting a

host-cell influence.
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Project Description

Objectives:

To investigate biochemical events associated with tumor virus replication
in relation to enoplastic transformation of host cells.

Methods Employed :

Oncogenic viruses are propagated in tissue culture. Focus-helper and plaque

assays are used for the detection of some propagated and purified viruses.

Other assays are: agarose get diffusion for the detection of -A^7ral antigens;
polyacryl amide gel electrophoresis and guanidine-agarose chromatography for
the purification and identification of virus-specific proteins; in vitro
labeling of purified viruses using radiolabeled amino acids and nucleic
acids. A sensitive peptide mapping technique was developed for use in

comparing virions polypeptides. Endonuclease restriction enzyme cleavage
of viral DNA and ethidium bromide agarose electrophoresis is used for
mapping viral genes.

Major Findings :

The feline leukemia virus pseudotype of Moloney murine sarcoma virus (MSV

(FeLV)) contains a 60,000 dalton polypeptide, p60, as the major virion protein.

Immunological analysis and peptide mapping have shown p60 to contain murine

p30, pl5 and pl2 components demonstrating that it is an uncleaved precursor
to the structural peptides. The presence of uncleaved p60 and not p30 or

smaller structural peptides in all cells transformed by the MSV m-1 genome
indicates it is a sarcoma-specific protein and for this genome, a marker of

transformation. Antiserum to p60 reacted with Friend murine leukemia virus
(FLV) pl5E by immunodiffusion and was able to neutralize virus as effectively
as antiserum to FLV pl5E, identifying the activity of one of the smaller
structural peptides. It has been shown that either the pl2 or pl5 poly-

peptide of RNA tumor viruses is phosphorylated and that the pl2 phosphorylated
polypeptide binds specifically to homologous 70S or 35S viral RNA but not to
RNA of heterologous viruses. Studies with purified MSV(FeLV) virus showed
that the pi 2 and the precursor p60 are both phosphorylated. Moreover, p60,
immune-precipitated from ^^p labeled MSV transformed cells, is also phosphory-
lated. To determine whether p60 binds to nucleic acids, DNA or RNA was
competed for p50 in a binding assay versus single-stranded DNA. In the

absence of competing nucleic acid, less than 3yg of p60 protein was sufficient
to bind more than 70% of labeled DNA thus establishing the affinity of p60
for single-stranded DNA. This procedure was also used to establish that p60
binds to 70S Rauscher murine leukemia virus (RLV) RNA but has no appreciable
affinity for double-stranded DNA. In addition, less than 0.25yg of either
calf tnymus, 0X 174 DNA or Qg RNA was sufficient to prevent p60 binding
while a 10-fold greater amount of T2 double-stranded DNA gave no appreciable
inhibition. The p60 protein is, therefore, similar in its binding pro-
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perties to the RLV plO virion protein, which also shows marked preference
for single-stranded nucleic acids.

The phosphorylation of p60 and its affinity for single-stranded DNA and RNA

suggests a regulatory role for this protein. This function may be associated
with a subunit of p60, but, as a stable uncleaved precursor in cells, its

effect on cell metabolism may be associated with the transformation event.
#:

The enzyme endo R Eco Rl cleaves HSV-1 DNA into 15 fragments resolved as

12 bands by agarose gel electrophoresis. These range in size from 14.2 x

lO^d to about 1 x lO^d. Syncytial (syn) plaque variants isolated from mouse,
Vero, human and Chinese hamster cells {syn R, V, H and C) repectively show
variations in the Eco Rl G and I fragments. Each variant differs according to
the host of origin. The syn R was obtained by serial passage of parental
HSV-1 syn" in mouse cell producing RLV, while the syn H and syn C were obtained
from cultures chronically infected with the parental HSV-1 syn". The unusual
passage histories and the Eco Rl differences suggests a host cell influence on
this region. It remains to be determined whether the Eco Rl G and I regions
are the syn locus cite.

A combination of 3 Eco Rl HSV-1 DNA fragments have been shown to transform
mouse Balb 3T3 cells at a greater frequency per pg of DNA than a total Eco Rl

HSV-1 DNA digest or sheared DNA. Evidence for the presence of a portion of d
the HSV-1 genome was demonstrated by hybridization With transformed cell DNA

"
using the whole HSV-1 DNA as a probe and by fluorescent antibody reactivity
with tumor specific antibody.

Significance of Biomedical Research and the Program of the Institute :

The transformation of maimialian cells by sarcoma and DNA tumor viruses
provides an excellent model for studying the molecular events associated
with cell transformation. The unusual properties of MSV p60 may be related
to the cell transformation event and as such will provide knowledge of how
such transformations occur. The identification of a specific fragment of
HSV DNA responsible for transformation makes possible the determination of
the transformation antigens of HSV and provides a more specific probe for
examining transformed human cells for evidence of HSV information.

Proposed Course :

1. The binding of p60 to nucleic acids will be further characterized. M

2. The gene order in p60 will be determined and compared to MuLV pre-
cursors.

3. A continued search will be maintairted for products larger than p60,
or concordantly synthesized for purposes of identifying sarcoma-specific
gene products. ^
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4. Smaller endo R fragments of HSV-2 DNA will be utilized in transformation
assays to identify the smallest fragment capable of transforming cells.

5. The gene products of this region will be identified from cell free

synthesis of m-RNA specific for this fragment and by the PAGE immune pre-

cipitation technique using HSV specific antisera.

6. Evidence for the presence of this fragment or its gene products in human

cancer will be investigated.

Publications :

Oskarsson, M.A. , Robey, W.G., Harris, C.L., Fischinger, P.J,, Haapala, D.K.

and Vande Woude, G.F.: A p6G polypeptide in the feline leukemia pseudotype
of Moloney sarcoma virus with murine leukemia virus p30 antigenic determinants,
Proc . Natl . Acad . Sci , USA 72: 2380-2384, 1975.

Ascione, R. , Smida, J., Robey, W.G. and Vande Woude, G.F.: A cell-free
mammalian protein synthesizing system stimulated by RNA from avian myelo-
blastosis virus. Biochem . Biophys . Acta 395 : 509-524, 1975.

Simonds, J. A., Robey, W.G., Graham, B.J., Oie, H. and Vande Woude, G.F.:

Purification of Herpesvirus saimiri and properties of the viral DNA. Archiv .

Virology 49: 249-259, 1975.

Robey, W.G., Graham, B.J., Harris, C.L., Madden, M.J., Pearson, G.R. and
Vande Woude, G.F.: Persistent herpes simplex virus infections established
in two Burkitt lymphoma derived cell lines. J^. Gen . Virol . (In press).

Oskarsson, M.K., Scherer, M. , Robey, W.G., Long, C. and Vande Woude G.F.:

Phosphorylation of Moloney murine sarcoma virus specific p60 and its DNA
and RNA binding properties. Yearbook of Cancer (In press).
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The density of Herpesvirus saimiri (HVS), DNA ranges from 1.694 g/cm^ to

1.727 g/cm^ in cesium chloride. The HVS growth curves at high MOI (5) in

owl monkey kidney cells are 48-72 hrs and 165-185 hrs at low MOI (0.01).
The major HVS DNA species (1.694 and 1.704 g/cm3) vary in yield according
to the MOI. Thus at high MOI the 1.694 g/cm^ peak is the major HVS DNA

species indicating a correlation between the length of time for HVS growth
and the g/c content of the viral DNA.
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Project Description

Objectives :

1. Establish conditions for one step growth curve of Herpesvirus saimiri

(HVS).

2. Characterize HVS-specific changes in DNA and protein during the course
of infection.

3. Study the effect of DNA-binding antibiotics on the course of HVS infection.

4. Characterize DNA polymerase induced in owl monkey kidney (OMK) cells by

HVS infection,

5. Characterize HVS DNA by cleavage with restriction enzymes.

Methods Employed :

Several different multiplicities of infection (MOI) were used to obtain the

one step growth curve for HVS infection in OMK cells. DNA extracted from

infected cells was analyzed by equilibrium centrifugation in cesium chloride.

OMK cells were infected with HVS at high multiplicity and pulse labeled with

radioactive thymidine, uridine, and amino acids in order to identify viral

specific macromolecules. Proteins were analyzed by electrophoresis in

polyacryl amide slab gels and DNA analyzed in cesium chloride equilibrium
gradients. Levels of DNA-binding antibiotics were so selected as to produce

minimum toxicity in cells permissive to HVS infection and the effect of the

antibiotic on the progress of HVS infection was followed by protein and DNA

analysis. Crude lysates from HVS infected cells as well as DNA polymerase
activity purified by column chromatography on DEAE-cellulose and phospho-

cellulose were characterized as to optimal conditions of enzyme activity.

Several different restriction enzymes were employed to characterize the

susceptibility of HVS DNA to cleavage and to establish preliminary mapping
of restriction fragments.

Major Findings :

1. Owl monkey kidney cells were infected with Herpesvirus saimiri (HVS) at

three different multiplicities of infection (MOI); 5, 0.5, and 0.01. Cells,
labeled with ^H-thymidine, were harvested at maximum cytopathic effect, which
varied from 72 to 138 and 194 hrs post-infection (MOI of 5, 0.5, and 0.01

respectively). DNA was extracted from either DNase-treated purified virions

or from residual cell material and analyzed by cesium chloi^ide equilibrium

centrifugation. Purified HVS DNA can yield five species of DNA in cesium

chloride (1.729, 1.718, 1.712, 1.704, and 1.694 g/cm^). In these experiments
the 1.704 and 1.694 g/cm^ DNA species varied according to the MOI in both

cells and virus. Thus at the highest MOI (5) the 1.694 g/cm^ DNA species was

the major species present; at the MOI of 0.5 the 1.694 and 1.704 g/cm^ species

were present in equal amounts, while at the lowest MOI (0.01) the 1.704 g/cm^
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was the major species. The amount of 1.729 g/cm^ DNA species did not vary
with the MOI. Moreover, the same relative distribution of ^H-thymidine
label was detected in the DNA extracted from cells as from cells as from
purified virus. These data indicate that the species of HVS DNA synthesized
can be regulated by the MOI. It has been shown that the DNA species isolated
from the cesium chloride gradient at 1.704 g/cm^ is infectious. However,
resolution on the cesium chloride gradient does not permit separation of the
1.704 and 1.694 species sufficiently well to establish the role of DNA at

1.694 g/cm^. Since the 1.694 g/cm^ species is the major peak at the highest
MOI it may well be the infectious DNA. By infection of OMK cells at high

MOI it may now be possible to isolate the 1.694 g/cm^ species and test it

for infectivity. All of the other DNA species may consist of 1.694 DNA

covalently linked with varied amounts of tandem repeated sequences of high
G + C moles percent DNA similar to the 1.729 g/cm^ species which is thought
to be the DNA of defective virions and/or tandem repeated DNA sequences
sheared from the ends of 1.704 DNA.

2. Host cell macromolecular protein, RNA and DNA synthesis appears to be

inhibited following high MOI with HVS. Moreover, cells infected with HVS

at high MOI show evidence of changes in proteins extracted from infected
cells and evidence of a time sequence in the appearance of viral specific
DNA. Preliminary results indicate that the species at 1.729 g/cm^ is the
last viral specific peak to appear after infection,

3. In preliminary experiments, one DNA-binding antibiotic appeared to

block virus-specific DNA synthesis and another antibiotic to accelerate
emergence of the viral -specific DNA species.

4. Digestion of HVS DNA with restriction enzyme Endo-SMA I, cleaved the
high G + C moles percent DNA sequences of the 1.704 g/cm^ species which
contains both low and high G + C portions. Preliminary mapping of these
fragments as well as fragments generated from the unique portion of the
DNA by cleavage with 5 other endonuclease was achieved in this laboratory.

Significance to Biomedical Research and the Program of the Institute :

Herpesvirus saimiri is oncogenic in certain subhuman primates and causes
leukemia and lymphoma at 90% efficiency in certain species. As such it is

a model system to demonstrate the oncogenic process in an animal whose
physiology is very close to human. If a human herpesvirus is involved in

malignancy the HVS model could demonstrate the role of the virus. By

dissecting the biological and biochemical events of HVS infection and repli-
cation the causal relationship between this virus and the malignancy can be

explained.

Proposed Course :

It is proposed to develop a high-titered HVS antiserum to assist identifi-
cation of HVS-specific proteins. The proteins associated with HVS infection
will be examined in detail by polyacryl amide slab gel electrophoresis and

immune precipitation. Further examination of the time course of changes in
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virus specific DNA will be undertaken. The effect of DNA-binding antibiotics
will be investigated further by analysis of specific changes in the proteins
and DNA synthesized during the course of HVS infection. Template specificity
of HVS induced DNA polymerase will be investigated as well as further
characterization and purification of the different enzyme activities.

Publications :

Simonds, J. A., Robey, W.G., Graham. B.J., Oie, H.D. and Vande Woude, G.F.:

Purification of Herpesvirus saimiri and properties of the viral DNA. Arch.
Virol. 49: 249-259, 1975.

Simonds, J. A., Ebert, P.S., Graham, B.J. and Vande Woude, G.F.: The effect
of multiplicity of infection on the DNA species synthesized in Herpesvirus
saimiri. Bact. Proc. (In press).

Mulder C, Fleckenstein, B. and Simonds, J.: Structural analysis of
Herpesvirus saimiri with restriction endonucleases. Proceedings 9th Meeting
of the European Tumor Virus Group , 1975 (In press).

I

I
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DNA extracted from high passage (H) herpes simplex virus (HSV) contains

unique endonuclease restriction (endo R) fragments resistant to Hind III

cleavage. DNA extracted from DNase treated virions, has a greater density

in cesium chloride and contains some Vero cell DNA sequences.
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Project Description

Objectives :

1. To associate biological function with regions of the herpes simplex

virus (HSV) genome utilizing endonuclease restriction (endo R) enzymes.

2. To investigate the variable portions of the HSV genome derived from

defective HSV and syncytial (syn) plaque morphology variants.

3. To examine possible relationships between viral and host cell DNA.

Methods Employed :

The two virus-cell systems employed in this study were obtained by the

following procedures: 1) populations of virions containing a high percentage

of non-infectious DNA were produced by serially propagating HSV in Vero cells

at a virus/cell ratio of 10/1 or greater; 2) well -characterized variants

of HSV I strain MAL were produced by serially propagating HSV in Vero cells

(Syn V), in mouse cells producing Rauscher leukemia virus (Sym R) and in a

Burkitt lymphoma cell line (H). Endo R enzymes were used extensively to

cleave HSV DNA. Analytical slab agarose gels were useful in detecting

differences between the various DNAs. Specific fragments were isolated from

preparative agarose gels for use in nucleic acid hybridization studies and

in transformation studies. DNA/DNA hybridization (solution and filter

paper) was used to detect homology between intact DNA and endo R cleaved

DNA fragments and the presence of cell DNA in defective virus DNA.

Major Findings :

1. The presence of host cell DNA in HSV virions : HSV- I strain Patton

was serially passed at low (L) and high (H) multiplicities of infection in

Vero cells, and the purified virions and extracted DNA were analyzed.

Unlike L virions, the H virions banded heterogenously in renografin. The

H DNA from deoxyribonucl ease-treated virions sedimentated homogenously in

CsCl but was more dense than the L DNA. By endo R Eco Ri analyses, L DNA

gave the characteristic 15 fragments (A-M). The profile of the H DNA by

Eco'RI was more complex. A-H and M fragments were present along with

several fragments intermediate between Bi , and I. K and L fragments were

not detected. The absence of endo R Hind III cleavage sites on the H DNA

was confirmational evidence that the H DNA contained a large percentage of

redundancy.

Velocity sedimentation analyses of the H and L DNAs in neutral glycerol

showed that the H DNA was heterogenous in size. Representative fractions

from the gradient were hybridized to immobilized HSV and Vero cell DNA.

Significant hybridization to viral DNA was detected in the regions of the

gradient where the H and L DNAs sedimented. Filters containing Vero cell

DNA, when hybridized to fractions from the L DNA gradient, were uniformly

negative, whereas in the region of the gradient where the lighter fractions
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of the H DNA sedimented, approximately 2% of the input counts were bound.
These findings suggested the presence of a small but significant amount of
host cell DNA in HSV.

2. Defining regions of the HSV genome responsible for syncytial plaque
morphology : Genetically stable mutants of HSV strain MAL, Syn R and Syn V

and H, were cleaved with endo R, BAM, HIND II, HIND III, Hpa I and Eco Rj

.

Fragments generated by BAM and RI showed distinct differences between the
variants and the wild type (WT) DNA. Of the 15 fragments generated by Eco

Ri , variations were detected only in G and I. G was present in partial
molar quantities in Syn R (9.7 x 10^ daltons), in molar quantities but smaller
in Syn V (9.4 x 10^ daltons) and was not visible in the WT and H. The I bands
in WT and Syn V were identical in size (3.5 x 10^ daltons) but were larger
in Syn R (3.7 x 10^ daltons) and smaller in H (3.3 x 10^ daltons). Several
differences between the DNA were readily detected. G was larger in Syn R

than in Syn V and WT, I and M were present in less than molar amounts in

the variants and were absent in the WT. J and P appeared as doublets only
in the WT. R existed as a minor fragment in Syn R but was not detected in

Syn V or the WT.

Thus, Eco Rj and BAM were able to detect differences between the wild-type
and variant viral DNA as well as between the syncytial variants. Differences
in the G and I fragments of Eco Ri may indicate the position of the syn locus,
since the G and I fragments of HSV have been shown to map adjacently (Haywood
et al., 1975, PNAS 72: 4243-4374). If the differences observed in the BAM
map are due to mutations within the syncytial locus, then recleavage of the
Eco RI fragment G and I with BAM should confirm these observations.

3. Transformation of mammalian cells with restriction enzyme fragments of
HSV T: A mixture of Eco R^ fragments (A, DBz and B) from HSV syn R trans-
formed mouse 3T3 cells at a greater frequency than the total unfractionated
Eco Ri digested DNA or sheared DNA in transformation tests by Dr. Ann Boyd
at the Frederick Cancer Research Center, suggesting that this portion of the
HSV genome is enriched for the transforming sequences. Similar experiments
are being performed using single fragments of Eco R^.

Significance to Biomedical Research and the Program of the Institute :

The observation that host cell DNA is present either in the virion and/or
is linearly associated with the DNA of HSV strongly suggests, although not
by direct evidence, that the viral DNA is capable of integrating into the
host cell chromosome and/or that the virion, by encapsidating host genetic
information, becomes a transducing particle capable of modifying or regulating
the genetic functions of the new host cell. Transformation of cells by DNA
fragments generated by restriction enzymes suggest that specific portions of
the HSV genome code for transformation of 3T3 mouse cells. If by DNA/DNA
hybridization it can be shown that cells transformed with specific restriction
fragments or sheared, photo-inactivated and UV inactivated DNA contain all or
a portion of the fragment, then it would be possible to survey human cervical
and prostrate tumors and nasopharyngeal carcinomas for the presence of HSV
genetic information using the specific restriction enzyme fragments as a probe.
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Proposed Course :

The presence of host cell DNA in virions . Attempts will be made to determine:

1) whether the host cell DNA present in defective virions is linearly inte-

grated into the viral DNA or is simply cell DNA encapsidated into virions;

2) if infectious viral DNA contains a small amount of cell DNA co-linearly
associated, and; 3) if the presence of host cell DNA in virions represent
the addition of host cell DNA to the total viral DNA or deletion of some

portion of the viral genome equal to the amount of added host cell DNA.

Transformation of mammalian cells with restriction enzyme fragments of HSV I .

Studies are in progress to determine the smallest specific restriction endo-

nuclease fragment capable of transforming mammalian cells. Endo R fragment
from defective DNAs will be used in the transformation assay to determine
whether the defective DNAs are enriched with transforming sequences. The

presence of specific viral DNA sequences in the transformed cells will be

determined by reassociation kinetics.

Publications :

Robey, W.G., Graham, B.J., Harris, C.L., Madden, M.J., Pearson, G.R. and

Vande Woude, G.F.: Persistent herpes simplex virus infections established
in two Burkitt lymphoma derived cell lines. J. Gen. Virol

.

(In press).

Simonds, J. A., Robey, W.G., Graham, B.J., Oie, H. and Vande Woude, G.F.:

Purification of Herpesvirus saimiri and properties of the viral DNA.

Arch. Virol. 49: 249-259, 1975.
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Persistent herpes simplex virus (HSV) infections were established in human

Burkitt lymphoma cells that required no external supportive measures.

Cells were positive for HSV antigens and contained up to 8% HSV DNA.

Differences in cell response and virus strains were observed.

A Moloney murine sarcoma virus (MSV) specific p60 with murine group p30,

and pl5E antigenic determinants is detected in all cells transformed by the

m-1 MSV genome. P30 is only detected in virions and not in cells, while

p60 is stable and uncleaved in cells.
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Project Description

Objectives :

To develop biochemical and immunological methods to identify, isolate and

characterize herpesviruses and oncornaviruses and their specific viral

polypeptides. Particular attention is given to the immunological detection

and biochemical characterization of polypeptides associated with transforma-

tion by both virus types. These methods will serve as tools for examining

the molecular events associated with both viral replication and transformation.

Methods Employed :

Herpesviruses and oncornaviruses were propagated in cell culture. Plaque-

and focus-forming assays, virus neutralization and attachment, electron

microscopy and immunofluorescence methods were used to determine the presence

and extent of virus infection. Viral nucleic acids were extracted from

virions purified on renografin gradients and then purified on cesium chloride

gradients for DNA-DNA filter hybridization. Virion polypeptides were

purified by guanidine-agarose chromatography and SDS-polyacrylamide gel

electrophoresis. Specific antibody was prepared in rabbits and used to

immunoprecipitate cell cytoplasms from either pulse-labeled and chased cells

or long-term labeled cells. Immune precipitates were analyzed by electro-

phoresis and autoradiography. Polypeptide structure and antigenicity were

analyzed by peptide mapping methods and gel diffusion.

Major Findings :

1, Herpesviruses . Six strains of herpes simplex virus (HSV) type 1 (MAL,

KOS, Patton, Syn R, BF and Syn V) and two strains of type 2 (333 and MS)

were used to infect the P3HR-1 (Epstein Barr virus (EBV) producer) and Raji

(EBV non-producer) cell lines derived from Burkitt lymphomas. In P3HR-1

cells, persistent infections were established with all strains of HSV-1 but

not with HSV-2. In Raji cells, persistent infections were established with

all strains of HSV-1, except Syn V, and with both strains of HSV-2. No

external support was required to maintain these infections. One such cell

line, P3HR-1 cells persistently infected with the MAL strain of HSV-1,

was extensively characterized and has been passaged for over two years with

continuous production of HSV-1. There was no difference in the extent of

HSV-1 adsorbed to P3HR-1 cells or Vero cells. However, when freshly-infected

P3HR-1 cells were compared to infected Vero cells in infectious center

assays, less than 1% of the P3HR-1 cells were positive for HSV-1 production

after a 3 day lag period but 50% of the Vero cells were positive after 24 hr.

Depending on the passage levels, 20% to 80% of the HSV-1 persistently infected

P3HR-1 cells were positive for HSV antigens by the fluorescent antibody

technique and a constant 10% were positive for EBV. DNA isolated from virions

produced by persistently infected cells was physically indistinguishable
from HSV-l(MAL) produced in Vero cells. A minimum of 8% of labeled nuclear

DNA extracted from persistently infected P3HR-1 cells at the 25th to 30th

passage level banded at 1.727 g/cm^ and was characteristic of HSV-1 DNA.
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Hybridization of HSV-1 DNA with cesium chloride-banded nuclear DNA extracted

from HSV-1{MAL) persistently infected P3HR-1 cells shcTwed HSV-1 DNA sequences

associated with both viral and host cell DNA. The atypical production of

HSV by this cell line appears similar to the cellular regulation exerted

over EBV expression in the same cell line.

2. Oncornaviruses . A 60,000 dalton polypeptide (p60) was isolated from

the feline leukemia virus pseudotype of Moloney sarcoma virus, MSV(FeLV),

and was shown to contain murine gs-1 antigenic determinants in addition to

several interspecies determinants. Peptide maps of virion p60 contained

Moloney leukemia virus p30 sequences and pl5{12) sequences. Virion p60 was

shown to be phosphorylated and bound strongly to single-stranded DNA and

RNA. Rabbit antiserum to electrophoretically purified virion p60 was shown

to react with purified murine p30 and pl5E by immunodiffusion and to neutralize

virus similar to antiserum prepared against Friend leukemia virus pl5E.

Pulse-chase and anti-p60 immunoprecipitation experiments with cat cells

(p521) producing MSV(FeLV) indicated that intracellular p60 was rapidly

synthesized and stable for at least 10 hr. No precursors to p60 were detected.

Intracellular p30 was not detected and data obtained from analysis of virus

released during the chase portion of the experiment indicated p60 cleavage
to p30 took place after virus release from the cell. Due to the unexpected

stability of p60 from p521 cells, a variety of control, leukemia producing,

MSV-transformed and MSV-producing cells (cat, mouse, dog, rat and human)

were examined by immunoprecipitation for the presence of p60. In cells

transformed by m-1 and m-3 MSV, p60 was detected. Control and leukemia

infected cells did not contain p60 although p30 was detected in cells pro^

ducing murine leukemia virus. Available evidence indicates that p60 is

MSV-specific and as such its presence in cells transformed by m-1 or m-3

MSV qualifies it as a marker of transformation by these genomes.

Significance to Biomedical Research and the Program of the Institute :

Since HSV persistent infections in human cells that require no external

support are unique, the molecular mechanisms by which Burkitt lymphoma cells

modulate the replication of HSV-1 and HSV-2 may be investigated. The detec-

tion of a stable uncleaved precursor to major oncornavirus structural

polypeptides in MSV-transformed cells provides a model system in which

regulation of gene expression may be investigated.

Proposed Course :

The state of the exogenous HSV genome in persistently infected Burkitt
lymphoma cells will be examined by nucleic acid hybridization techniques and

biological methods will be used to determine additional characteristics of

host-cell control over HSV replication. Sensitive immunological and biochem-

ical techniques will be used to study sarcoma virus defectiveness in order
to obtain additional information about regulation of the sarcoma genome.
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Publications :

Ascione, R. , Smida, J,, Robey, W.6. and Vande Woude, 6^,V. : A cell -free

mammalian protein synthesizing system stimulated by RNA from avian myeloblas-

tosis virus. Biochim. Biophys. Acta 395: 509-524, 1975,

Oskarsson, M.A., Robey, W.G., Harris, C.L., Fischinger, P.J., Haapala, D.K.

and Vande Woude, G.F.: A p50 polypeptide in the feline leukemia pseudotype

of Moloney sarcoma virus with murine leukemia virus p30 antigenic determi-
nants. Proc. Natl Acad. Sci., USA : 72: 2380-2384, 1975.

Simonds, J.A., Robey, W.G. , Graham, B.J,, Oie, H. and Vande Woude, G.F.:

Purification of Herpesvirus saimiri and properties of the viral DNA.

Archiv. Virol. 49: 249-259,1975.

Robey, W.G., Graham, B.J., Harris, C.L., Madden, M.J., Pearson, G.R. and

Vande Woude, G.F.: Persistent herpes simplex virus infections established
in two Burkitt lymphoma derived cell lines. J. Gen. Virol. (In press).

Oskarsson, M.K. Scherer, M. , Robey, W.G., Long, C. and Vande Woude, G.F.:

Phosphorylation of Moloney murine sarcoma virus specific p60 and its DNA

and RNA binding properties. Yearbook of Cancer (In press).

Vande Woude, G.F., Robey, W.G., Oskarsson, M.K., Haapala, D.K., Fischinger,
P.J., Naso, R.B. and Arlinghaus, R.B.: Properties of Moloney sarcoma virus

p60 and its detection in transformed cells. Proc. VII Int. Symp. Comp. Res .

Leukemia and Related Disorders (In press).
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Differences in progeny Herpes simplex virus (HSV) were detected after
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Host range, plaque morphology , thermostability virion, buoyant density and
DNA fragments generated by restriction endonucl eases.
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Project Description

Objectives :

Investigation of the in vitro interaction between herpes simplex virus

type-1 (HSV-1) and Rauscher leukemia virus (RLV) in bone marrow-derived
mouse cells (JLSV-9) chronically infected with RLV(JLSV9-RLV)

.

1. Production and characterization of a HSV-1 syncytium-producing (syn)

variant isolated from parental cloned, round-cell plaque-producing HSV-1
(syn"*") after several serial passages in JLSV9-RLV cells.

2. Electron microscopic examination of the intracellular events during
the proliferative growth of syn variant and the restrictive growth of syn"*"

parental virus in chick embryo cells (CEF).

3. To determine the genetic relationship between syn"*" and syn.

Methods Employed :

Conventional tissue culture, virus quantitation, and electron microscopic
procedures were employed to study biological and ultrastructural changes
occurring in cultured cells. Virus-neutralizing serum was prepared by

weekly intravenous inoculations of 10^-10^ purified herpesvirus particles.
Animals were bled one week following the last inoculation. Buoyant density
of intact virions and viral DNA was determined by cesium chloride isopycnic
centrifugation. Extracted and purified viral DNA was examined by endo-
nuclease restriction enzymes, Eco RI and BAM. Restriction enzyme-treated
viral DNA was electrophoresed in 0.7% agarose for 20 hrs at 4 C and 80 v/cm.

Major Findings :

1. Production and characterization of a HSV-1 syncytium-producing (syn)

plaque variant: Serial passage of a cloned, round cell plaque producing
HSV-l (syn+) (MAL strain) in JLSV9-RLV tissue culture cells resulted in the
emergence of predominantly syncytial (syn) plaque-forming virus progeny.
Only a small and variable number of syn plaques appeared in syn+ infected
control JLSV9 or Vero cells. The syn variant appears to be genetically
stable through multiple serial passages in either JLSV9 or Vero cells.

Although syn and parental syn'^ viruses are indistinguishable when examined
by serum neutralization and the buoyant density of their viral DNA and CsCl

,

they differ in a number of properties. Comparison of the buoyant densities
of intact syn and syn"^ virions showed that maximum infectivity was detected
in fractions with densities of 1.277 (syn) and 1.217 (syn"*") gm/cm^ respec-
tively. The effect of temperature showed that a 50% reduction of syn
infectivity occurred within 1.5 hrs at 37° and 1.25 hrs at 40° compared to
> 8 hrs at 37° and 3.5 hrs at 40° for syn+. The ability of syn and syn"*" to

form plaques in chicken embryo fibroblast (CEF) cultures was tested. The

syn variant formed visible plaques within 24 hrs after infection while syn"*"
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failed to do so. Treatment of viral DNA extracted from syn and syn"*" with

endonuclease restriction enzyme (Eco R^) has shown variation in the G and I

fragments.

2. Electron microscopy of syn and syn"*" infected CEF cultured cells: The

ability of syn variant and the inability of syn"^ to replicate in CEF cells

was investigated by electron microscopy. Examination of 12 hr-infected
cells revealed that syn+ infected cells contained a moderate number of intra-
nuclear and cytoplasmic non-enveloped nucleocapsids. The cell architecture
was greatly altered with evidence of degeneration of intracytoplasmic
organelles and nuclear membrane, loss of cytoplasmic ground substance and a

reduced number of cytoplasmic ribosomal elements. At this time, syn infected
CEF cells showed intact cellular architecture and a larger number of budding
and non-budding intranuclear nucleocapsids. The most significant difference
observed in 24 hr infected CEF cells was the great number of intra and
extracellular complete virions in cells infected with syn. In contrast, only
non-enveloped intracytoplasmic nucleocapsids were present in syn+-infected
cells.

3. Genetic relationship between syn and syn+: As a first approximation to
determine what genetic changes occurred in the syn variant, extracted viral
DNA from syn and syn+ was treated with endonuclease restriction enzyme Eco
R] . Evidence was obtained showing variation in the G and I fragments. G was
present in partial molar quantities in syn (9.7 x 10^ daltons) and absent in
syn"*". The I fragment was larger in syn (3.7 x 10^ daltons) than in syn"*"

(3.5 X 10^ daltons). Similar differences in the G and I fragments were
obtained with HSV-1 syncytial variants isolated from Vero and human cultured
cells. The data suggests some host cell function modifies the virus.

Significance to Biomedical Research and the Program of the Institute :

The high frequency with which HSV-1 occurs in the human population may allow
this virus opportunity to superinfect cells already harboring another virus.
As a result, intracellular interactions may result in genetic modifications
expressed in its biological properties. Our studies also show that viral
genetic alteration, indicated by the variation in the G and I fragments of
three syn variants, may be host cell controlled. One of the objectives in
the biologic comparison of syn and syn+ was to find natural, stable and
reproducible markers or properties which could be used in studies of viral
genetics. Since the syn locus has been reported to be a single point mutation
and the G and I fragments appear to map close to one another in the syn"*" DNA,
differences in G and I fragments of syn variants may provide a marker locating
the syn locus. Thus far two markers have been identified: stability of the
syncytium producing syn variant in three different cells and the ability of
syn to replicate in CEF cells.

Proposed Course :

Development of temperature sensitive and chemically induced mutants of syn+
and syn to determine whether syn represents an allele of syn+. Genetic
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mapping of viral DNA because it would provide information about the

organization, regulation of virus functions, and their expression in

eucaryotic cells.

Intact viral DNA and DNA fragments generated by endonuclease restriction

enzyme treatment will be tested for their ability to transfect and transform

cells in culture.

Publications :

None
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polypeptides using purified viral RNA or viral mRNA. Both RNA tumor virus
and herpes simplex virus mRNA has been translated in this system.

f^
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Project Description

Objectives :

To determine the number and the molecular characteristics of viral-specific
proteins encoded in the genetic information of oncogenic viruses.

Methods Employed :

1. The isolation and the subcellular fractionation of protein synthesizing
components are necessary, i.e., polyribosomes, initiation and elongation
factors, transfer RNA, and ami noacyl synthetases.

2. Quantities of viral messenger RNA(mRNA) are prepared from a variety of

cellular sources producing RNA and DNA tumor viruses, e.g.. Herpes simplex
virus (HSV) infected Vero cells; Moloney sarcoma virus (MSV)- and feline
leukemia virus (FeLV) -infected cat cells.

3. Production and isolation of virus specific mRNA from infected cells is

accomplished by extraction from cellular polyribosomes subfractionated into

membranous and non-membrane (free) species by isopycnic glycerol density
gradients. Purified mRNA, free of any contaminating cellular or viral DNA,

was obtained by a detergent CsCl discontinuous gradient method. M-RNA was

further purified by poly U-sepharose column chromatography with > 90%
purity. Such RNA was then utilized in cell -free protein synthesizing systems

derived from uninfected, heterologous, eukaryotic systems such as wheat
embryo extracts or uninfected Vero cells. Alternatively, poly A-containing
RNA was subjected to translation in homologous, infected cell -free systems,

e.g., HSV-infected Vero cells or those derived from AMV-infected avian myelo-

blasts. After suitable incubation(s), the radioisotopically synthesized
proteins were subjected to acrylamide gel analyses to identify viral-specific

components. Furthermore, extracts were incubated with antisera to viral-

specific antigens in order to precipitate viral polypeptides synthesized
in vitro . Such proteins were further analyzed by polyacryl amide electrophor-
esis combined with radioisotopic autography in order to identify tumor virus-
specific components.

4. Techniques for identifying and analytically quantitating viral mRNA

species and comparing them to authentic viral RNA components are being

developed. The methods involve agarose electrophoresis in conjunction with

ethidium bromide and radioactive poly U in order to bind specifically with

poly A containing viral mRNA.

Major Findings :

1. RNA isolated directly from AMV has been used for the cell -free synthesis

of oncornavirus-specific polypeptides. By both criteria of gel electrophoresis
and immunospecific antigen-antibody precipitation, the in vitro synthesized
product appears to be identical to polypeptide components isolated from
plasma AMV virions.
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2. With poly A-containing mRNA from HSV-infected cells, several polypeptides
were synthesized which co-migrate with HSV virion polypeptides. Further work
with these systems with specific viral antisera and peptide maps will be

needed to positively identify specific viral components.

3. An agarose-ethidium bromide gel electrophoresis method has been developed
for the detection of viral-specific RNA. Quantities of viral RNA from 500-

1000 nanograms can be visualized by U.V. fluorescence and then photographed
and compared to authentic virus RNA as well as molecular weight standards.
Further, the fluorescent regions of the gel have been analyzed for comigration
of H^-poly U species in order to detect the presence of hybridizable poly A

species. Preliminary analysis has indicated that regions of the gel do

contain hybridizable species of RNA corresponding to ethidium bromide
intercalated species of RNA. Gel -analyses by this procedure has allowed the

detection of nanogram quantities of MSV-specific RNA. This RNA has been
reisolated and subjected to subsequent hybridization analyses for further
characterization.

Significance to Biomedical Research and the Program of the Institute :

These studies should help to resolve the question of which proteins are
specified by the oncornavirus genome. Such studies may yield information as
to which proteins are directly involved in the tumorigenic process and
which virus proteins are essential to the oncogenic properties of tumor
viruses. The above studies will lend their techniques towards evaluating
and identifying the numerous genomic products expressed by herpes simplex
viruses.

Proposed Course :

The identity of the polypeptides associated with genomic segments essential
for oncogenic expression can be determined by the characterization of cell-
free protein products. Messenger RNA from cells infected with HSV-defective
viruses and mRNA corresponding to transforming DNA sequences will be examined
by cell-free systems in order to identify the gene products of specific HSV
DNA regions.

Publications :

Ascione, R. , Smida, J., Robey, W.G. and Vande Woude, G.F.: A cell-free
mammalian protein-synthesizing system stimulated by RNA from avian myelo-
glastosis virus. Biochim. Biophys. Acta 395: 509-524, 1975.
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The long range purpose of the project is to study the relationship between
herpesviruses and human cancer . The topics of present interest are: 1) the

mechanism of in vitro cell transformation by herpes simplex virus (HSV)

with emphasis on the question of whether HSV acts as a direct oncogen or

as a cocarcinogen which alters expression of a cellular gene(s) which
serves as the direct oncogen (e.g., endogenous type C virus ); and 2) the

mechanism of herpesvirus latency a s exemplified by persistence of repressed
Epstein-Barr virus (EBV) genomes in human cells.I

I
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Project Description

Objectives :

1, To study the mechanism of cell transformation by herpes simplex virus
(HSV); including the effect of HSV infection on expression of endogenous
type C virus information.

2. To study the mechanism of latency of the Epstein-Barr virus (EBV) in

human cells; including the state of the repressed virus genome and its

relationship to the cell genome and the events responsible for virus
activation leading to productive infection.

Methods Employed :

Standard tissue culture, virologic, and biochemical methods were employed
with modifications as required.

Major Findings :

1. Cell transformation by herpes simplex virus (HSV): An extensive litera-
ture has accumulated suggesting an oncogenic role for herpesviruses. Included
are several studies which indicate that infection of cells in culture with
ultraviolet (UV)-inactivated HSV can result in the appearance of malignant
cells. Efforts have been made to implicate HSV as being directly oncogenic
by searching for fragments of the virus genome in transformed cells. The
results to date have been inconclusive in that some investigators have found
evidence of HSV gene fragments in transformed cells while similar studies by
others have been negative. It has been suggested that a nonspecific fragment
of the HSV genome may persist in transformed cells for a period of time, but

these fragments are ultimately lost with continued cell passage. This would
be consistent with a situation whereby a non-integrated "plasmid" piece of
virus genome persists in cells for a finite period before being eliminated
by dilution, nuclease digestion, etc.

Studies were initiated to elucidate the role of HSV in cell transformation.
The possibility was considered that the herpesvirus genome is not directly
oncogenic but rather serves as a cocarcinogen by altering expression of a

cellular gene (e.g. endogenous type C virus) which is the direct oncogen.
Two lines of BALB/3t3 cells (K-BALB and 43-2), transformed by Kirsten murine
sarcoma virus (Ki-MSV) but not producing virus, were employed in the initial
studies. Two strains each of HSV-1 and HSVr2 were plaque-purified in Vero
cells, filtered, and UV-irradiated for infection of K-BALB and 43-2 cells.
The infected cells were treated with mitomycin at various times after infec-
tion and were seeded on indicator normal rat kidney (NRK) cells for detection
of sarcoma virus by infectious center assay.

The results may be summarized as follows: 1) Significant levels of type C

virus activation were observed with the 4 strains of HSV tested. The levels
of activation ranged from 10-100 times above background, depending on the
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HSV multiplicity of infection (MOI) and the dose of UV irradiation; 2)

Purification of HSV and treatment with DNase or RNase did not alter its

ability to activate type C virus; 3) Neutralization of HSV with specific

antiserum completely eliminated its ability to activate type C virus; 4)

The type C virus activated by HSV was characterized as being xenotropic

based on its host range and was confirmed as being of mouse origin with

specific mouse p30 antiserum and neutralization with antiserum to mouse
xenotropic virus; and 5) Maximum levels of type C virus in the medium and

were observed one day after HSV infection, and the levels returned to control

cell values within 3-4 days.

Additional studies were initiated to correlate the activation of type C virus

and transformation by HSV using BALB/3T3 cells. The preliminary results

suggest that a direct correlation may exist between type C virus activation
by HSV and transformation. If this is substantiated in subsequent studies,

it would be consistent with the proposal that HSV acts as a cocarcinogen by

altering expression of endogenous type C virus. Since the type C virus

activated is a xenotropic type, it could not infect other cells in the

population to induce transformation. Consequently, we would tentatively
postulate that transformation occurs directly in those cells in which the

type C virus is activated. Although the liklihood that this sequence occurs

may seem remote, it actually incorporates facets of both the oncogene and

protovirus theories of oncogenesis. The endogenous type C virus which is

activated by HSV is vertically transmitted and has "oncogene" potential in

agreement with the oncogene hypothesis. Transcription and translation of

this "oncogene" may result in reintegration of DNA and concomitant mutation
in agreement with the protovirus hypothesis.

2. State of latent EB virus genome in human lymphoblastoid cells: Present

evidence indicates that human lymphoblastoid cells contain multiple copies

of the EB virus genome which are associated, but not integrated, with the

cell DNA. In studies carried out with M. Nonoyama, clonal lines of producer

P3HR-1 cells containing fewer than normal numbers of virus gene copies were

isolated following treatment of the parental cell population with cyclo-

heximide. All of these clonal lines contain the EB virus nuclear antigen

(EBNA). Most of the clonal lines contain 2-5 copies of the virus genome per

cell in contrast to approximately 11 copies per cell in the parental line.

One clonal line contains only one copy per cell of the EB genome. All clonal

isolates containing more than one EB gene copy per cell were inducible with

5~iododeoxyuridine (IdU) with resultant synthesis of early antigen (EA) and

virus structural antigen (VGA). In contrast, the clonal isolate containing
only one EB gene copy was not inducible by either IdU or cycloheximide.

These findings are consistent with the proposal that most EB gene copies in

human lymphoblastoid cells persist in a plasmid form and are not truely
integrated. They also suggest that activation by IdU or cycloheximide may
be mediated through the plasmic copies of the virus genome and any gene copy
which is truely integrated may be refractory to activation by these drugs.
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Significance to Biomedical Research and the Program of the Institute :

Elucidation of the mechanism of cell transformation by HSV may reveal a

situation whereby an infectious, normally cytolytic DNA virus affects expres-
sion of an endogenous, vertically-transmitted RNA virus which serves as an
oncogen. Regardless of whether HSV is shown to be directly oncogenic in

contrast to functioning as a cocarcinogen, elucidation of its mechanism of
action will allow the Institute to place HSV in its proper perspective with
respect to human cancer. If HSV is ultimately shown to act as a cocarcinogen
rather than a direct carcinogen it would not detract from its importance as

a potential hazard to humans, but it would raise the possibility that HSV
may function by a hit-and-run mechanism which would preclude the necessity
of finding the HSV genome in tumor tissue.

Proposed Course :

Studies will be continued to elucidate the mechanism of transformation by

HSV and will be expanded to include other herpesviruses. Particular emphasis
will be placed on the question of whether HSV functions as a direct oncogen
or as a cocarcinogen which alters expression of an endogenous type C virus.
Studies will also continue on the mechanism of latency of EB virus.

Publications :

Hampar, B., Aaronson, S.A., Derge, J.G., Chakrabarty, M., Showalter, S.D.

and Dunn, C.Y.: Activation of an endogenous mouse type C virus by
ultraviolet-irradiated herpes simplex virus type 1 and 2. Proc. Nat. Acad.
Sci . , U.S.A. (In press).

Hampar, B., Lenoir, G., Nonoyama, M., Derge, J.G. and Chang, S-Y.: Cell

cycle dependence for activation of Epstein-Barr virus by inhibitors of
protein synthesis or medium deficient in arginine. Virology (In press).

Tanaka, A., Nonoyama, M. and Hampar, B.: Partial elimination of latent
Epstein-Barr virus genomes from virus producing cells by cycloheximide.
Virology (In press)

.

Hampar, B. and Derge, J.G.: Epstein-Barr virus: A natural latent human
herpesvirus. ASM Symposium on Tumor Virus Infections and Immunity (In

press).
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Our studies are designed to elucidate the role of the soluble antigen of

herpes simplex in cells transformed putatively by the virus but lacking

viral genetic information.

The topics of particular interest are the possibility that adsorbed antigens

of the herpes can reduce the need for substrate adhesion and thus select

for a population of cells which at the same time are undergoing genetic

alteration due to type C virus activation or chemical carcinogen- induced

DNA disruption.

We are also interested in the role of these antigens in elicitation of

transplantation (tumor graft rejection) reaction in cells transformed in

vitro and in vivo by chemical carcinogens.
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Project Description

Objectives :

1. Elucidation of the possible role of herpes simplex virus antigen as a

promoting agent for chemical carcinogens.

2. Elucidation of the role of soluble herpes simplex virus antigen adsorbed
on the cell surface in the elicitation of a T-cell reaction as measured by

tumor graft rejection and microcytotoxicity assays in vitro using cells
transformed by chemical carcinogens in vivo and in vitro .

Methods Employed :

The soft agar assay in vitro and animal inoculation were used for transforma-
tion studies. Fluorescence microscopy was applied to demonstrate adsorption
of antigens and the elicitation of humoral antibodies by soluble antigens.
Microcytotoxicity tests in vitro and tumor rejection in vivo were used to
study cell -mediated response to herpes antigen.

Major Findings :

We have thus far demonstrated that herpesvirus antigens, particularly those
termed "cell associated" by Kaplan or the "^soluble antigen mixture" by G.

Cohen can be adsorbed onto the cell surface of uninfected cells. We have
not been able to demonstrate reproducibly that this phenomenon is also a

property of the so-called "excreted antigens" of the herpesvirus, i.e., those
antigens which are released into the medium and which are not structurally
associated with mature, replicative virus. The cell-associated antigens
appear to bind firmly enough to uninfected mouse embryo cells to absorb the
neutralizing activity of hyperimmune rabbit serum and herpesvirus-immune
human serum. We are at present testing whether or not autochthonous F344
rat cells, once coated with these antigens in vitro , are capable of eliciting
neutralizing or other antibody populations upon reinjection into syngeneic
rats. The antigens themselves have been shown to elicit neutralizing antibody
in the rats.

Significance to Biomedical Research and the Program of the Institute :

The proposed studies will help to answer the basic question, "Is the herpes
simplex virus itself oncogenic?". Secondly, it may provide a model for 1n

vitro epithelial cell transformation, which is much more representative of
human tumors than is fibroblast transformation. Most workers with epithelial
cells indicate that the usual morphological characteristics of transformation
seen in fibroblast populations are not applicable to epithelial cells.
Thirdly, the ability to adsorb these antigens on to the cell surface may help
elucidate a possible T-cell response to herpesvirus. Previously, this
question was not readily approachable because of the high background of
dead cells occasioned by herpes infection.
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Proposed Course :

Our future investigations will involve the demonstration of the ability of

these antigens to elicit T-cell reactions in autochthonous rats and mice,

by means of transplantation response to tumor cells. The tumor cells we
propose to use were transformed by chemicals ijn vitro and are not normally
cross-reactive. We also plan to study the effects of the soluble, adsorbed
herpesvirus antigens on serially-passaged tumor cells which are diminished
in their ability to elicit a transplantation response. If either of these
models prove to be successful, we would plan to use it to study T- and B-

cell response to herpesvirus antigens in vitro .

The other aspect of our studies with these antigens involves the coating
of epithelial rat cells with antigen in the presence of chemical carcinogens
in an effort to provide a more distinguishable model for epithelial cell

transformation by chemicals. Since chemically-transformed epithelial cells

are, in my and others' hands, not readily distinguishable by the usual char-
acteristics accompanying fibroblast transformation in vitro , we propose that
adsorption of an externally supplied glycoprotein in the form of the herpes-
virus antigens may facilitate recognition of the transformed state and in

fact may accelerate transformation by removing the cells' requirement for

substrate adhesion. These studies are presently in progress.

Publications :

None
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SUMMARY REPORT

LABORATORY OF RNA TUMOR VIRUSES

July 1, 1975 to June 30, 1976

Introduction

The scientific program continued to emphasize studies of the natural

behavior and mechanisms by which endogenous type C RNA virogenes and

oncogenes participate in both spontaneous and induced cancers of experimental
animals. Studies of vaccine prevention of cancer carried out in FY 1975

demonstrated (1) that a high degree of serotype specificity was required

on the part of killed and live vaccines in order to produce potent type
specific neutral izating antibodies in the sera of vaccinated mice, and

(2) that chemically induced cancers in highly responsive C57BL/6 mice could

be prevented with type specific live vaccines (with Whitmire, KAI.)

In FY 1976 various combinations of killed and live vaccines and hyperimmune
antiviral IgG were employed in attempts to modify or prevent spontaneous
cancer in certain strains and crossbred mice known to normally experience
rather high incidences of both virus expression and cancer. Significant
suppression of virus expressions were achieved during early life with the

use of both vaccines and IgG. Although most of the experiments now on test
will require another year for completion, preliminary results show that the

vaccinees still exhibit significantly less virus expression than do the

controls.

Serial tissue culture and transplantation of rat and mouse cancers has led

to confirmation of an earlier finding of tumor cell membrane antigens (VEA)

held in common by all rat tumors tested. This antigen appears to be present
on membranes of virtually all mouse and human tumor cells. This antigen has

been partially characterized. It is not related to the p30 or gp69-71

virogene antigens of mouse or rat; it, however, is a cell membrane antigen
precipitable by alcohol but not by Tween ether (one treatment) and is not

Forssman antigen. Since it is associated primarily with the transformed or

tumor state, it could represent a transcriptional product of oncogenic
sequence similar to the recently reported DNAsarc sequences in normal and

tumored avian cells (Stehelin and Bishop.) It could also represent a

histocompatibility antigen or some common differentiation antigen expression.

Possible roles for this antigen in transplantation immunity, spontaneous
neoplasia, and/or its prevention are under intensive study. As will be

spelled out in greater detail in the individual reports. Dr. Kelloff and

several LRTV contract programs are participating in the vaccine and immunological
studies described above.

r

1338



LRTV Summary Report

Programs in the Molecular Biology and Viral Genetics Sections (Aaronson,
Stephenson, Tronick, and their associates) have utilized sophisticated
molecular and genetic methods to elucidate the various antigenic subunits
of type C viruses, the endogenous structural genes leading to virus production
and the controlling (regulatory) genes which control structural gene
expressions. Mendel i an crossbreeding experiments are also employed to

elucidate segregation of viral genes and of those regulatory genes which
control type C virogene expressions and transcription of independently
controlled oncogenic (tumor) expressions. Thus very extensive observations
involving numerous tests of numerous crossbred and backcrossed mice are

expected to establish the specific roles of several endogenous type C

virogenes and oncogenes in oncogenesis.

Dr. Sarma and his associates have continued his productive investigations
on type C viruses in cats, mice, and chickens and have initiated a new study
of bovine leukemia viruses. They have identified and produced significant
amounts of the major internal antigen of the bovine virus which hopefully
will be useful in natural history studies of the distribution and behavior

of this virus.

Two other Sections of LRTV (Drs. Chirigos and Pearson) are engaged in

studies aimed at eventual modification of cancer in experimental animals.

These studies emphasize the utilization of combined modalities; thus

specific and nonspecific immune response stimulation are combined with

surgery and chemotherapy in efforts to cure established cancers in a variety

of experimental animal systems.

Accomplishments during FY 1976

Office of the Chief

The reorganization of the Laboratories in the Viral Oncology Program made

it possible for the Chief of the Laboratory of RNA Tumor Viruses to devote

a significant proportion of his time on long-term research projects aimed

at developing protective vaccines and passive immunoglobulins both designed

to modify or prevent spontaneous and chemically induced cancers in those

animal cancer systems that most resemble cancer in humans. This decision

led to the selection for study of a variety of mouse strains having variable

levels of endogenous virus. The animal systems selected were well-defined
strains and crossbred lines shown in previous lifetime surveillance to

develop variable high and low rates of cancer correlated in natural history

studies with high and low virus expressions. In the course of these

background studies the roles of host cell regulating genes on both virus

and tumor expressions were also defined, thus providing information
indispensable for designing immunization procedures capable of suppression

of endogenous type C virus expressions. Preliminary results suggest that
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the reduced virogene expressions observed should lead to significant
reduction of spontaneous neoplasia; however, many animals are still on
test so that a definitive report cannot now be made.

Suppression of endogenous type C viruses by combined killed and live type C

virus vaccines: prospects for prevention of cancer .

Since the initial experiments have been published (Huebner et al .
, PNAS,

1976; Huebner et al . , Second Conference on Modulation of Host Resistance
in the Prevention or Treatment of Induced Neoplasias, 1976), only a brief
summary of the vaccine protocol and results will be given here.

Radiation-killed banded Gross leukemia virus vaccine was given 4 times
to weanling female mice with low type C virus expression (SWR/J, C57L/J,
NIH, BALB/c) prior to breeding to AKR males. A live challenge vaccine
[MSV(GLV)] was given to the pregnant mothers at mid-pregnancy and to F]

progeny at 10 days of age. Both the mothers and the Fi progeny tolerated
the vaccines without significant mortality or early neoplasia. Equivalent
members of mothers and Fi progeny were held as un vaccinated controls for
each of the 4 immunized crossbred lines.

Using the XC plaque test for infectious virus titers in tail specimens,
suppression of virus by the vaccines was dramatically demonstrated in

vaccinated F|'s; at 30 to 40 days of age the vaccinated groups revealed
infectious virus titers of <10^ to 10^*'' whereas controls ranged from
103.7 to 105-'+. /\^ approximately 100 days the titers ranged from 10^ to 10^

in the vaccinated mice to lO'*'^ to lO^-^ in controls. Since in the Fl

progeny of crossbred mice spontaneous cancers are not expected until the
mid portion of the second year of life, we have no current information on
cancer incidences as of this writing. In three previous genetic studies
of these crosses, Meier, Lilly and Heiniger and their associates reported
that natural segregation of low and high titers of virus in tails or spleens
taken early in life were closely correlated with low and high incidences
of neoplasia later in life. We subsequently initiated similar vaccine
experiments in large numbers of crossbred mice backcrossed to AKR. In

these experiments the vaccines have been nearly equally effective in reducing
type C virus titers in the backcross F] mice; the advantages of the backcross
experiments reside in the fact that the mice will develop neoplasias at
earlier ages.

Significant passive suppression of natural high titer virogene expressions
in AKR mice to type specific hyperimmune gamma globulin (IgG) .

Because of the endogenous transmission of genetically transmitted type C

virus in mice which led to the assumption such mice would be immunologically
tolerant to either vaccines or passive IgG, the prospects for suppressing
their replication at first seemed poor. However, in our earlier natural
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history studies of ecotropic type C virus expressions we found that these
expressions while common during early embryogenesis disappeared for a short
period shortly before birth and remained absent for several days after
birth. In short, we were able to demonstrate that hyperimmune IgG with
high neutralizing antibody (1:1000-1:1600) suppressed virtually all

expression of the AKR ecotropic virus in AKR mice up to 30 days; this was
accomplished with 4 to 5 fractional injections of 0,05 ml to 0.3 ml amounts
given during a 14-day-period beginning on the day of birth. Thus at 30

days of age the viral titers in tail extracts of the test group represented
generally one log or less while the titers of tails of controls ranged from
10^ to 10^ infectious particles. This observation may have a special

significance in that it seems likely that IgG, like the vaccine procedures

described above, actually suppress natural host gene expressions, particularly
the Akv-1 gene locus (Rowe and associates.) In any event, tests for virus

in tail specimens taken after more than 100 days of age revealed titers of

virus in the IgG treated mice which was at least 10 times less than that
of controls. Our observations in previous studies showing a 10-fold degree

of difference in virus expression generally resulted in equally large

differences in cancer incidence (Heiniger et al.). Additional IgG experiments

in AKR virus have included multiple injections of killed virus vaccine
into IgG treated AKR mice beginning at 30 days of age. This procedure
maintained lower virus expressions in the treated AKR mice for long periods.

Further improvisation on these schedules can be expected to provide
additional suppression of AKR virus. Preliminary observations indicate

that at 240 to 250 days of age the incidence of lymphocytic leukemia will

be much higher in the control groups than in the treated groups.

Common tumor antigens demonstrated by complement fixation tests in all rat

tumors and in transformed rat cells .

Using transplantation methods which were previously successful in the

discoveries first reported in 1963 of the T antigens specified by DNA tumor

viruses and of p30 specified by RNA tumor viruses, we have now successfully
identified tumor antigens held in common by all rat tumors and by all rat

cells transformed spontaneously in rat cell cultures. Selection for

increased expression of the tumor antigen on the cell membranes of the

transplanted tumor cells was achieved by selecting the highest titered
tumors for transplantation in newborn rats. Antibodies to the tumor antigens

in the sera of tumored rats also required selection of tumors to achieve

titers high enough to be of maximum usefulness. The key to the detection

of common tumor antigens in tumors was the initial production of antibodies

in the sera of one or more of the transplantation systems. The finding of

tumor neo-antigens may have considerable importance since the availability
of common tumor antigens makes it possible to test their usefulness

(1) as markers for neoplastic conversion, (2) as a diagnostic reagent, and

(3) providing possible transplantation rejection antigens. The common

rat tumor antigen (CRTA) may be histocompatibility antigen; alternately, it

may represent a specific transcriptional-translational product of endogenous
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oncogenic information or some other cell membrane antigen. It is not
Forssman antigen. Earlier studies of transplantation antigens by Foley,

Prehn and Sjogren revealed that each primary tumor of inbred mice and rats

had individually distinct transplantation antigens; this included litter-

mates. Apparently the original transcriptional-translational antigen
product which must be postulated in transcription is covered up or lost
during growth of the tumor. The chief hope of identifying, selecting and

amplifying a common, possibly protective tumor antigen therefore depends

on se-lection of tumor cells having common tumor antigens in transplantation
systems mentioned above. This was a necessity in detecting either the

T or transplantation antigen specified by DNA tumor viruses.

Modern molecular concepts of gene behavior require that specific trans-

criptional RNA and translational proteins accompany oncogenic gene

expression. This presumably must be true in the case of in vivo and

in vitro neoplastic transformations. This concept was supported when

Sjogren and Habel reported protective transplantation antigens in tumors

produced by DNA tumor viruses. The problem is to find common transcriptional

antigenic products on the surface of tumors to be used in transplantation

immunity experiments, Prehn and others documented all primary tumors as

having only individual antigens which in retrospect might represent a

consortium of new antigen moieties acquired during growth of the tumors.

Since this could be expected to vary in different tumors, crossreactions

would perhaps not be expected.

Using a tumor transplantation rat system similar to that used in selection

of T and gs antigens (Huebner, PNAS, 1962, 1963 and 1964), we discovered

a common tumor antigen in tumors of rats produced by MSV (Huebner and

associates), and in rat cells transformed either spontaneously or by

polyoma virus (Rhim). When these transformed cells were transplanted

into rats each produced antigens and antibodies held in common with the

others (Rhim et al . , 1971, 1972). Studies of the properties of these

antigens suggested that they were tumor specific in that they were expressed

at high titers on the transformed rat cells as well as on the MSV tumors

of rats.

Recently we have studied many additional tumors of rats produced by

radiation, various chemicals, various DNA viruses and by RNA tumor viruses,

including virogene defective sarcoma viruses. All produce large amounts

of the same antigen when tested with specific rat tumor as described in

the 1971 report. Each tumor cell preparation when transplanted in newborn

and later weanling rats produced antibodies to the CRTA. As in earlier

studies of T antigens, selection and amplification of high titers of both

the CRTA antigens and antibodies appear to be very useful. The possibility

that the CRTA can be used as protective antigens in vaccine and trans-

plantation experiments remain to be explored.
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Cross reactions of antigens found in human tumors and human tumor cells
grown in culture with antisera to the common rat tumor antigen .

We have found that antigens similar to those demonstrated in rat tumors can
also be demonstrated in extracts of most human tumors; this finding suggests
but by no means proves that the expressions of endogenous transcriptional
and translational tumor antigens in the absence of virogene expressions in

man may be very similar to that in the rat, possibly reflecting specific
conservation of oncogenic sequences expressed in the initial tumor cells
produced by gene transcription. Failure of this initial "tumor" antigen to

induce protective antibodies could well be explained by subsequent variation
modifying the antigenic structures on the surface of cells in rapidly growing
tumors. Thus the tumors which Prehn and others found would provide trans-
plantation protection only to itself and not to tumors produced by the same

inducing agents could be the result of acquisition during growth of a new

consortium of antigens that could protect the transplanted tumor against
only itself.

RNA Viral Immunology Section .

Dr. Kelloff and associates, and Drs. Peters and Sass of Microbiological
Associates, Inc., are investigating the use of a number of immunoassays
designed to measure natural and induced immune responses to endogenous type C

virus expressions in large colonies of mice held for lifetime observations,
the ultimate purpose of which is to define those immune responses most
likely to prevent cancer in animal models that develop neoplasia late in life

in a fashion similar to human neoplasia. The results have been positive in

relation to specified tumor antigens. Measurable immune responses to virus

have been evoked by type C viral vaccines; these include cell mediated,
footpad and cytotoxic reactions. The immune response tests developed will

prove useful in defining mechanisms of vaccine action in protecting against
tumors.

Virus and Disease Modification Section .

Dr. Chirigos and his associates are utilizing chemical agents having immuno-

adjuvant activity which aid in chemotherapy of murine leukemias, thus T cell

macrophages which are capable of tumoricidal effects when used in conjunction
with "tumor cell vaccines" augment responses that retard metastatic lesions

and increase the life of mice carrying transplanted or induced tumors. The

ultimate objectives are to combine a number of modalities including surgery,

cell vaccines and chemical adjuvants to prevent progressive growth and

recurrence of cancer.

Dr. Mohr in Dr. Chirigos' program reported that immune stimulators, partic-
ularly pyran copolymer, provides an effective immuno-adjuvant supplementing
chemotherapy of an established murine leukemia, thus increasing the number
of cures after induction of remission by chemotherapy.
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Dr. Pearson and associates report that chemotherapeutic agents combined with
immuno-adjuvants are useful in attempts to suppress leukemia in guinea pigs.

They found that simultaneous treatment with Cytoxan, C.parvum and leukemic
blast cells resulted in 50% long-term survivors to 100 days; there were no

survivors in controls. New knowledge of immune mechanisms and hopefully
greater effectiveness of immune responses in the guinea pig and other tumor
test systems will be applied along with surgery, various drug therapies,
and immuno-adjuvants in attempts to achieve total suppression of cancer.

Molecular Biology Section and Viral Genetics Section .

Drs. Aaronson and Stephenson and their associates are engaged in (1) utilizing
sophisticated molecular, immunological and genetic studies in attempts to

determine the etiologic roles of endogenous type C viruses in cancer,

(2) developing a comprehensive understanding of the mechanisms by which
endogenous type C viruses produce cancer, (3) defining the mechanisms by

which host cells regulate endogenous viral and neoplastic gene expressions,
and (4) determining those immune responses of the host which act as controls
of spontaneous cancer.

Major findings include the discovery of unique genetic information in mice
which code for three different classes of endogenous viruses in BALB/c mice.

Other strains code for only one virus. They have shown that the regulating
gene expression can be abrogated by the use of a variety of chemical inducers,
one producing only B-tropic ecotropic virus, another only xenotropic.
Inhibitors of protein synthesis and halogenated pyrimidines were shown to

differ in their mode of activation of virus; the former was highly sensitive

to inhibition of RNA synthesis and the latter was blocked by inhibition of

DNA synthesis. Bacterial lipopolysacchride (LPS) was found to be an

efficient inducer of xenotropic virus from BAL3/c.

Aaronson and Stephenson collaborating with Hampar (LDTV) reported that x-ray-

inactivated herpes simplex virus (HSV) readily induced isolatable xenotropic
virus from BALB/c embryo cells. This observation of DNA virus activation of

an endogenous RNA tumor virus parallels that of Frankel and associates
in chickens wherein they found that the Marek's herpes virus activated
endogenous avian leukemia virus. This group also established that mouse

cell tropic wild type viruses of the N tropic category would produce
malignant lymphoblastic leukemia in NIH Swiss mice, an N type mouse strain.

Dr. Stephenson identified 3 classes of conditional lethal mutants of the

Rauscher and Kirsten MuLV's. These mutants which release virus at permissive
but not at nonpermissive temperatures are being used in a large variety of

experiments designed to prove that the natural viruses are oncogenic
whereas mutants usually are not.
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Highly sensitive and specific RIA techniques have been developed by
Dr. Stephenson which have been used to study large numbers of human tumors
for expressions of postulated endogenous "human" viruses possibly having
significant crossreactions with type C viruses known to be established in

lower species. To date in this rigorous test system these have been
negative.

Dr. Tronick in Dr. Aaronson's laboratory reported that competition RIA
tests are now available for the p26 and pl5 polypeptides of Mason Pfizer
monkey virus (MPMV). This is important because highly specific and
sensitive RIA's will be useful in testing the validity of reports that
MPMV sequences and antigens can be detected in human tumor cells.

Tronick also found that the reverse transcriptase of one temperature
sensitive mutant of type C MuLV was also temperature sensitive. This
observation was muted somewhat by the fact that two other similar ts mutants
did not show this property. Thus further studies must be done in greater
detail to determine the importance of this observation.

Animal Virology and Field Studies Section

Dr. Sarma and his associates are studying the prevalence and natural
behavior of type C viruses in the cat, mouse, chicken, cow, and man.
The major findings in 1975 include (1) a new type of murine virus released
from continuous cultures of mouse splenocytes, and (2) a rapid method for
identifying feline leukemia viruses developed for use in testing for
horizontal transmission of feline leukemia. A sensitive method was developed
for isolating endogenous chicken type C viruses. Dr. Sarma's efforts to

demonstrate the woolly monkey virus in human malignancies (reported by a

number of other research groups) were all negative (as were those reported
by Aaronson and his associates.)

Mouse splenic (B) lymphocytes were grown in continuous culture from BALB/c,
C57BL/6, NZB, 129/ J, SWR and NIH Swiss mice: only the BALB/c splenocytes
yield productive virus and this apparently is a unique type C virus that
has properties similar to both B tropic and xenotropic viruses.

A hamster brain tumor produced by RSV was reported to yield a virus identical

with RSV(-). Since the virus v^as rescued and made infectious by comple-
mentation of the hamster RSV(O) with endogenous (cryptic) virus found in

the cells of a number of diverse chickens but not from quails, the procedure
might prove useful for demonstrating strain E avian virus in chickens of
diverse origins.

In collaboration with Dr. Devare, a post-doctoral fellow, and Dr. Reddy
of MAI, Dr. Sarma has shown that the major viral antigen of bovine leukemia
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virus has a molecular v/eight of 24000 daltons. RIA studies show that

j

the major polypeptides of the bovine virus are not at all related to the
known type C virogenes. The latter particularly should prove to be of
value in assessing the behavior of bovine leukemia in causing leukemia ^^
in cattle. ^m)
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Project Description

Objectives :

To continue studies on type B reticulum cell neoplasms that arise
spontaneously in old BALB/c mice. Since this tumor type closely resembles

human Hodgkin's disease, studies will be conducted to characterize the
reticulum cell tumors with regard to their histology, preferential site of
tumor growth and further characterize the tumor cells.

Methods Employed :

Conventional techniques were used to transplant spontaneous occurring
reticulum cell neoplasms type B. Specially designed glass helices were used

to serve as a substrate for growing cells in culture.

Major Findings :

Twenty eight spontaneous reticulum cell neoplasms type B were carried for
over 15 generations in transplant. These tumors varied greatly in the amount

of growth occurring in the spleen, lymph nodes and liver as compared with the
amount of local growth. The term local growth refers to growth at the site
of inoculation when cells were transplanted subcutaneously or to growth on

the peritoneal surfaces, particularly on the gall duct, when cells were
injected intraperitoneally. Sixteen tumors produced considerable local

growth; eight produced only a slight amount; and four produced none. Many

tumors did not grow locally until they had been transplanted for several

generations. Several of these lines produced progressively more localized
growth until there was \/ery little involvement of the spleen, nodes, or the

liver. It seems possible that the change to more local growth occurs with
dedifferentiation of the tumor cells. Eight tumors were tested for their
capacity to grow as ascites by inoculating large numbers of tumor cells

intraperitoneally. All four tumors that grew well locally produced ascites,
whereas, four that gave no local growth did not produce ascites.

A collaborative study was established with D. K. Sanford of the Laboratory
of Biochemistry to develop a matrix which could support the growth of tumor

cells in culture. Attempts have been made to employ solid matrices upon which
tumor cells could be grown and the matrix bearing the tumor cells could be

implanted into an animal host. This would alleviate the cellular trauma

associated with the scrapping and trypsinizing necessary to free cells from

the surface of culture flasks as well as the large number of cells required

to detect the presence of a small number of transformed neoplastic cells.

A disadvantage associated with the use of matrices has been that of several

materials and designs tested, relatively few were found to support cell

growth well. A pyrex glass helix has been developed which appears to
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eliminate the aforementioned problem. Three mouse embryo fibroblast
cultures which have been carried in culture for several generations
served as the test system to determine their capacity to produce
tumors where the helices containing the cellular growth were implanted
into the syngeneic host. The results show that a higher incidence of
tumor takes occurred with these cell lines when helices were used for
implantation than when an equivalent number of cells harvested by scrapping
were employed. Results, employing glass helices for growing cells,

indicate that the helices provide a greater surface area for cellular
growth, as well as a more sensitive method for detecting a small

number of transformed cells growing in culture.

Significance to Biomedical Research and the Program of the Institute:

The reticulum cell neoplasms type B in BALB/c mice merits study because
it is the animal tumor most like human Hodgkins. A study of long,

latent periods after transplantation of the reticulum cell tumors may
contribute to an understanding of the late recurrences of lympho-
reticular tumors in humans after chemotherapy. A study of these tumors
may also help in understanding the interactions between T and B type

lymphocytes as it appears that some of these tumors do not grow in the

absence of T cells.

The use of glass helices for growth of cells in culture provides a

method of growing a larger number of cells in less surface area.

It also provides a method of implanting a larger number of cells to

allow a small number of transformed neoplastic cells to express them-

selves in a syngeneic host.

Proposed Course:

To ascertain whether the absence of T cells decreases the growth of
reticulum cell neoplasms type B in BALB/c strain mice as it is reported

to do for this type of tumor arising spontaneously in SJL strain mice.

A finding previously reported of the effect of ATS on the reticulum
cell tumors in BALB/c mice supports this idea but needs further
investigation. To characterize the reticulum cell tumors with
regard to their histology, the proportion of macrophages present,

the preferential sites for tumor growth, whether or not the tumor cells

produce myeloma proteins, and whether or not immunoglobulins character-
istic of B lymphocytes are present on the surfaces of the tumor cells.

Publications:

None.
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Biochemicals, primarily polyanlons like pyran copolymer , are used as
immune stimulators to specifically or nonspecifically direct host
immunity towards its neoplasm. These materials are used as adjuvants
to customary anticancer therapy. The i_n vivo and in^ vitro aspects
of these agents with respect to tumor immunology and biochemistry
are being investigated in orde>^ to elucidate their mechanisms o f action.
Specifically, pyran copolymer (NSC-46015) is capable of beneficially
prolonging life span ind increasing numbers of survivors when used as
an adjuvant to chemotherapy of murine leukemia. In addition this
copolymer can specifically and strongly augment antitumor immunity to
L1210 leukemia after suboptimal vaccination with radiated tumor cells.
The immunology of these phenomena in terms of lymphocyte and macrophage
stimulation by pyran is being '"nvesti gated. The interaction of pyran
with isolated preparations of mouse liver nuclei with respect to

stimulation of DNA synthesi s and nuclear hi stone interaction is being
studied biochemically.

1350
PHS-6040
(12-75)



Project No. Z01-CP-04873-02-LRTV

Project Description

Objectives;

1. Establish that chemicals, primarily polyanions, are capable of

stimulating host immunity, both specifically and nonspecifically,

against syngeneic murine neoplasia.

2. Evaluate certain promising compounds in terms of their interaction

with the components of the host immune system.

3. Evaluate certain promising compounds in terms of their possible

mechanisms of action on a biochemical level.

4. Encourage the clinical application of those compounds studied that

appear to have very good adjuvant activity against neoplasia after

conventional anticancer therapy.

Methods Employed:

1. In vivo testing of various compounds against murine neoplasia both

Tn terms of therapy of established cancer and prevention of cancer

through vaccine potentiation.

2. Separate and purify lymphocytes, macrophages, and antibody from

treated animals and determine their activity in standard cytotoxicity

tests to see which components of the immune system are being

stimulated by the biochemical s used.

3. Isolation and purification of liver nuclei for use as templates for

DNA synthesis to evaluate the interaction of polyanions that t^ave

strong immunoadjuvant activity with nuclear histones and hence, gene

regulation.

Major Findings:

1. Pyran copolymer is an effective immunoadjuvant to chemotherapy of

an established murine leukemia since it can increase the number of

cures after remission induction.

2. Pyran copolymer can very strongly and specifically potentiate

the immunity to live tumor challenge after suboptimal tumor cell

vaccination using radiated L1210 cells.

3. Pyran copolymer can prolong allograft survival if given to animals

after inoculation with an H-2 incompatible tumor.

4. Pyran copolymer stimulates the activity of macrophages and to a
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lesser degree also T-cells and antibody production.

5. Pyran can release the template restrictions for DNA synthesis of
isolated liver nuclei by interaction with nuclear histones.

6. Most of the biological activity of pyran is dependent upon the

molecular weight of the copolymer.

Significance of Biomedical Research and the Program of the Institute:

At the present time, there is a great deal of interest in mechanisms
by which zhe immune system of a host may be manipulated in a way so that

\

it will reject residual tumor cells after conventional chemotherapy,
surgery, and/or radiation, BCG has received the greatest clinical use

in this respect, but there is a great need for a biochemical agent with
similar activity. Pyran copolymer seems to offer all the advantages

I

that BCG has, but is also easily produced and is free of serious
,

biological side effects. It, therefore, provides a new fourth arm in the

treatment of cancer. Also, because of its effects on allograft survival,
[

it may be of some value to transplantation medicine. Certainly further
i

testing of such a promising agent is required.
j

Proposed Course: ^-\

Continuation of the above mentioned methods of study in hopes of further
defining the mechanisms of action of pyran copolymer in biological systems.
Also, to look for similar compounds that may be useful as immune stimulators.

Publications:

c

Mohr, S.J., Chirigos, M.A., Fuhrman, F.S., and Pryor, J.W.: Pyran
copolymer found to be an effective adjuvant to chemotherapy
against a murine leukemia and solid tumor. Cancer Res . 35: 3750-

3754, 1975.

Mohr, S.J., and Chirigos, M.A.: Tilorone hydrochloride as immunoadjuvant
therapy against murine neoplasia. In Chirigos, M.A., (Ed.): Modulation
of Host Immune Resistance in the Prevention or Treatment of Viral
Induced Neoplasia. Fogarty International Center Proceedings, No. 28,
U.S. Government Printing Office, Washington, D.C., In press.

Mohr, S.J., Chirigos, M.A., Fuhrman, F.S., and Smith, 6.T.: Specific
potentiation of L1210 vaccine by pyran copolymer. Cancer Res. , In press.

Mohr, S.J,, Chirigos, M.A,, Fuhrman, F.S., and Smith, G.T.: Enhancement
of a tumor allograft in CD2F1 mice by pyran copolymer. Cancer Res. ,

In press.
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5. Chirigos, M.A., Mohr, S.J., and Chaparas, S.D.: Combined modality
treatment with levamisole against neoplasias and protective effects,
In Chirigos,M. A. , (Ed. ); Modulation of Host Immune Resistance in the

. Prevention or Treatment of Viral Induced Neoplasia. Fogarty Inter-
I national Center Proceedings, No. 28, U.S. Government Printing

Office, Washington, D.C., In press.

6. Schultz, R.M., Woods, W.A., Mohr, S.O., Chirigos, M.A.: Immune
response of CD2F1 mice to a tumor allograft during pyran copolymer
induced tumor enhancement. Cancer Res., In press.
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Project Description

Objectives :

The overall goal of this project is to determine the most effective means of

preventing and/or controlling leukemias, sarcomas, carcinomas, and melanomas.

Several therapeutic modalities are examined in animal model systems to assess

the most feasible approach that can be employed to exert maximum antiviral

and antitumor activity with minimal deleterious effect on the host.

Aggressive chemotherapy often leads to reduced host immunocompetence,

secondary viral and bacterial infections, as well as organ and/or cell

toxicity, kidney or liver damage which are considered contributing causes of

a reduced curative rate. External factors such as chemicals or biologicals

which can provoke a host response to decrease the deleterious effects of

chemotherapy and/or enhance immunocompetence would be beneficial when used

in a combined treatment modality.

Immune adjuvant therapy shown to be effective in more than two oncornavirus
systems and/or two animal tumor systems, and considered of potential use

for supportive therapy in human cancer, will be recommended for clinical

trial

.

Methods Employed :

A. Virus and Tumor Animal Systems
The following are employed for in vitro and in vivo studies:

1. The Rauscher, Friend, Moloney, Graff i , and Gross leukemia viruses,
and the Moloney, Harvey, and PV sarcoma viruses.
2. AKR mice with lymphoma.
3. Lewis lung and Madison lung carcinomas.
4. B-16 and S-91 melanomas.
5. Ridgeway osteogenic sarcoma.
5. DMBA and SMC induced fibrosarcomas.

B. Immune Responses

Humoral and cellular immune responses are measured by standard procedures

or by new methods developed by Section staff. These assays include
complement fixation, T-cell rosette, skin grafts, Jeren spleen plaque
assay, macrophage and lymphocyte cytotoxicity tests.

Major Findings :

Three agents have been found to be effective immunoadjuvants to chemotherapy
of an established tfiurine leukemia. Levamisole, pyran copolymer, and thymosin
have been shown to increase the number of cures when used in concert with

chemotherapy than with chemotherapy alone. Results from mechanism of action
studies have demonstrated that these 3 agents stimulate macrophages in vivo
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to exert a tumoricidal effect in vitro . T-cell lymphocytes are also
stimulated by Levamisol and thymosin.

Pyran copolymer has been shown to be an effective adjuvant for tumor cell

vaccines. This agent strongly potentiates the immune response to live tumor
cell challenge following vaccination with radiation inactivated tumor cells.

The enhanced immunity appears to be specific for the vaccinating tumor cell

type. Pyran used as an adjuvant with KCl tumor cell extracts, rather than
irradiated tumor cells, appears to augment the host immune response to live

tumor cell challenge.

Pyran augmented the cytoreductive effect attained by initial chemotherapy
of the metastatic Lewis lung carcinoma. Significant increases in survival

time were attained with the combined treatment than was possible with
either treatment alone.

Metastatic lesions occurring in the lung appear to be retarded after surgical

removal of the primary tumor and treatment with either immunoadjuvants,
pyran or Levamisole. This response was observed in two solid tumor types:
the Lewis lung carcinoma and the B16 melanoma.

Significance to Biomedical Research and the Program of the Institute: The
multidisciplinary approach represented by this project is almost entirely
directed towards the prevention, treatment, and control of cancer. Studies
with combined immunotherapeutic modalities have led to a more effective
control of neoplasias without an additional burden to the host beyond that
imposed by chemotherapy. The advantages of such combined modes of treatment
are: (1) no additional cytoreductive chemotherapy is needed to maintain
remission; (2) the immune competence of the host is restored allowing host
immune mechanisms to function more effectively; (3) maintenance of remission
may be retained by intermittent treatment with immunoadjuvants which lack

the limitations inherent with continuous cytoreductive chemotherapy; (4)

refractoriness to immunoadjuvants, if it does develop, can be supplemented
by additional chemotherapy, with the advantage that the host is in a

better physical condition to receive subsequent chemotherapy.

Experimental results conducted with Levamisole in this laboratory have led to

the inclusion of this agent in chemotherapeutic protocols developed for the

treatment of human Dukes' B,C,& D colon and rectal carcinoma which is being

presently managed by surgery and 5-fluorouracil chemotherapy at University
Hospitals, Madison, Wisconsin. This section will be collaborating with the

University Hospitals in monitoring the efficiency of Levamisole immuno-

stimulation in cancer patients.

The ability of the adjuvants to specifically and strongly augment antitumor
immunity and isologous tumors after vaccination is of practical value. Of
particular significance will be if soluble tumor cell antigens, rather than

irradiated tumor cells, can be used for vaccination in concert with the

chemical adjuvants. This preventative approach will be applicable to groups
at high risk for specific tumor types.
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Proposed Course :

Each of the areas described under Objectives will be pursued. Emphasis will

be placed on quantitative and qualitative studies in three specific areas,

i.e., immunostimulating adjuvants, combined treatment modalities, and tumor

and virus vaccine studies. The role of immuno-adjuvants in protracting the

remission period induced by chemotherapy in leukemias, and surgery in solid

tumors, will be investigated in detail. Additional in vitro and in vivo

methods will be implemented to further define the mechanism of action of the

active chemical and biological immunostimulators in terms of T-cell, B-cell,

or macrophage function.

Publications :

Pearson, J.W., Chirigos, M.A. , Pryor, J.W., and Fuhrman, F.S,: Histological

and Combined Chemoimmunostimulation Therapy Studies Against a Murine

Leukemia. Int. J. Cancer 16: 142-152, ly75.

Schultz, R.M. , Woods, W.A., and Chirigos, M.A.: Detection in Colorectal

Carcinoma Patients of Antibody Cytotoxic to Established Cell Strains

Derived from Carcinoma of the Human Colon and Rectum. Int . J_. Cancer 16:

16-23, 1975.

Woods, W.A., Papas, T.S., and Chirigos, M.A.: The Effects of Levamisole on

In Vitro Parameters of the Immune Response. Fogartv International Center

Proceedings . U.S. Government Printing Office, Washington, D.C., No. 28

(In press, 1975).

Chirigos, M.A. , Mohr, S.J., and Chaparas , S.D.: Combined Modality Treatment

Against Murine Neoplasias and Protective Effects. Fogarty International

Center Proceedings . U.S. Government Printing Office, Washington, D.C., No. 28

(In press, 1975),

Mohr, S.J., and Chirigos, M.A.: Tilorone Hydrochloride as Immunoadjuvant

Therapy Against Murine Neoplasias, Fogarty International Center Proceedings,

U.S. Government Printing Office, Washington, D.C., No. 28 (In press, 1975).

Papas, T.S., Chirikjian, J.G., Woods, W.A. , and Chirigos, M.A.: Active Site

Probes and the Selective Inhibition of RNA Tumor Viral DNA Polymerases.

Fogarty International Center Proceedings . U.S. Government Printing Office,

Washington, D.C., No. 28 (In press, 1975).

Mohr, S.J., Chirigos, M.A. , Fuhrman, F.S., and Pryor, J.W.: Pyran Copolymer:

An Effective Adjuvant to Chemotherapy Against a Murine Leukemia and Solid

Tumor. Cancer Research 35: 3750-3754, 1975.

Mohr, S.J., Chirigos, M.A., Fuhrman, F.S., and Smith, G.T.: Enhancement of a

Tumor Allograft in CD2F mice by Pyran Copolymer. Cancer Research (In press).
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Schultz, R.M., Woods, W.A. , Mohr, S.J., and Chirigos, M.A.: Immune Response
of CD2F1 Mice to a Tumor Allograft During Pyran Copolymer Induced Tumor
Enhancement. Cancer Research (In press).

Schultz, R.M., Chirigos, M.A., Mohr, S.J., and Woods, W.A.: Tumoricidal

Effect In Vitro of Peritoneal Macrophages from Mice Treated with Pyran

Copolymer. In Chirigos, M.A. (Ed.): Second Conference on Modulation of

Host Immune Resistance in the Prevention or Treatment of Induced Neoplasias .

Raven Press (In press).

Mohr, S.J. and Chirigos, M.A. : Potentiation of a Tumor Cell Vaccine by Pyran

Copolymer.' In Chirigos, M.A. (Ed.): Second Conference on Modulation of

Host Immune Resistance in the Prevention or Treatment of Induced Neoplasias .

Raven Press (In press).

Chirigos, M.A. and Theodore, T. : The Effect of Immune Modulators on the

Oncogenic Process: Adjuvant Effect on Staphylococcus Aureus in Treating

Murine Leukemia. In Friedman, H. and Southam, C. (Eds.): International

Conference on Immunobiology of Cancer . New York Academy of Sciences.

November 3-4, 1975. New York, N.Y. (In Press).

#

m

#
1358



SMITHSONIAN SCIENCE INFORMATION EXCHANGE
PROJECT NUMBER (Oo NOT use this space)

U.S. DEPARTMENT OF

HEALTH, EOUCATION, ANO WELFARE
PUBLIC HEALTH SERVICE

NOTiCE OF

INTRAMURAL RESEARCH PROJECT

PROJECT NUMBER

Z01-CP-04878-07-LRTV

PERIOD COVERED

July 1, 1975 to June 30, 1976
TITLE OF PROJECT (80 characters or less)

Combined Immunotherapy and Chemotherapy against Virus Associated Neoplasia

NAMES, LABORATORY AND INSTITUTE AFFILIATIONS, AND TITLES OF PRINCIPAL INVESTIGATORS AND ALL OTHER
PROFESSIONAL PERSONNEL ENGAGED ON THE PROJECT

PI:

OTHER:

Dr. J. W. Pearson
Dr. D. Klein

Head, Viral Immunotherapy Sec. LRTV NCI
Expert LRTV NCI

COOPERATING UNITS (if any) M. Chirigos, LRTV, NCI; S. Mohr, LRTV, NCI; J. Dahlberg, LTVG,
NCI; S. Campbell, LCBGY, NCI; S.Chaparas, DBP,BB; B. Zbar, BGY, NCI;
J. Coggin, AEC, Oak Ridge Nat. Lab.

LAB/BRANCH Office of the Associate Director, Viral Oncology Program,
Laboratory of RNA Tumor Viruses

SECTION Viral Immunotherapy Section

INSTITUTE AND LOCATION DTvTsion ofXancer Tause and Prevention
NCI, NIH, Bethesda, Maryland 20014

TOTAL MANYEARS:

1.0
PROFESSIONAL:

1.0

SUMMARY OF WORK (200 words or less - underline keywords)

Treatment of leukemic guinea pigs with 2 courses of Cytoxan over a 2 week
period resulted in suppression of the disease for approximately 5 weeks before
relapse and death of 95% of drug treated animals. Simultaneous administration
of C. parvum and leukemic blast cells following Cytoxan therapy resulted in

50% long term survivors at 100 days as compared to no survivors in the drug
treated group. Blast cells , C. parvum . BCG and pyran copolymer given alone
during the remission period were found ineffective. Surgical removal of a

primary chemically-induced sarcoma in guinea pigs followed by Cytoxan 4 days
later resulted in 90% of animals dying from metastasis to lungs and mesenteric
nodes. Immunotherapy is being incorporated into the above modality of therapy
in hopes of controlling metastatic lesions. The presence of RNA-directed
polymerase activity and RNA observed in molecular hybridization studies ascribes
to one type of virus which exhibits a variety of morphological states in
eT_ectron micrographs involving L2C guinea pig leukemia. An enhanced incidence
of spontaneous manmary carcinomas in C3H/HEN mice was observed following ovarian
ligation . The enhancement is due to either a hormonal effect of ligation or
presence of a

"
blocking factor " interfering with cell mediated response.

PHS-6040
(12-75)
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Project Description

Objectives:

Over the past year the aim of the project has been to achieve effective

therapeutic control of spontaneous and transplantable leukemias and

lymphomas. The therapeutic measures encompass drug therapy, surgery,

vaccines and non-specific immune stimulators used alone or in combination

against viral associated transplantable tumor lines. In addition, in vitro

techniques have been employed to monitor the immune response of treated

animals to answer whether cell -mediated and humoral immune assays can be

used to determine fluctuations in the tumor immune response of animals

following treatment with drugs or surgery used alone or in combination with

immune stimulators. Any therapy leading to effective control will be

submitted for preclinical testing, evaluation and eventual clinical trial.

Methods Employed :

1. Transplantable virus-associated gross leukemia in strain 2 guinea

pigs for vn_ vivo and jn_ vitro studies.

2. Transplantable chemically induced sarcoma in strain 13 guinea pigs

for jn_ v'vo ^i^d j_n^ vitro studies.

3. A transplantable mammary carcinoma in female Fischer rats for in

vivo and jm vitro studies.

4. C^H/HEN mice which have a high incidence of spontaneous neoplasia

are used for in_ vivo and in^ vitro studies.

5. Surgical techniques are being applied to remove the primary tumor

at the initial site of inoculation.

6. Soluble tumor-specific antigens (TSA) are being prepared by (3M)

KCL extraction procedures to monitor delayed-type cutaneous hyper-

sensitivity responses in guinea pig tumor system.

51
7. Migration inhibition (MIF) and Cr release cytotoxicity assays are

to be used to monitor the cell-mediated response of pre-sensitized

animals following drug suppression and/or immunotherapy.

8. Lymphocyte stimulation (LS) assay is to be used to determine the

immunologic competence and memory of lymphocytes upon exposure to

alloantigens.

9. Migration inhibition test (MIT) is to be used to monitor and detect

concentrations of serum antibody at very low levels.
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Major Findings :

Chemo-immunostimulation therapy, a transplantable virus-associated gross

leukemia in strain 2 guinea pigs, has been utilized as a model system for

testing chemo-immunostimulation therapy. Treatment of leukemic animals with

Cytoxan (50mg/Kg) followed a week later by 25 mg/Kg of the drug resulted in

suppression of the leukemia (remission period) for approximately 5 weeks

before relapse and eventual death of 95% of the drug treated animals. The

period of remission was characterized by disappearance of the tumor mass

at the site of inoculation, a decrease in the degree of organ involvement

and a normal peripheral blood picture. Upon "relapse", characterized by an

increase in WBC counts and reappearance of blast cells in the peripheral

blood, most animals showed clinical CNS involvement, i.e. paresis, paralysis

and convulsions which lead to prostration and eventual death. Histological

examination of brain sections obtained from Cytoxan treated animals revealed

that the CNS leukemia was present in the superficial and deep arachnoid

tissue of the brain. No such CNS involvement has been observed in the

non-drug treated leukemic animals.

Studies have been proceeding over the past year utilizing drugs in

combination with immunotherapeutic procedures to increase the drug-

induced remission period as well as to control meningeal leukemia. The

effect of three immune stimulators, BCG (live), Corynebacterium parvum

(killed) and pyran copolymer (defined chemical) were evaluated during the

period of a Cytoxan induced remission period. In addition, x-irradiated

leukemic blast cells were incorporated into these studies. Single or

multiple injections of BCG (I.D.) or pyran copolymer (I. P.) administered at

various times during the remission period were found to be no more effective

than drug treatment alone. Median survival times (MST) of animals receiving

the combined therapy ranged from 48 to 50 days as compared to a MST of 44

to 46 days in the drug treated group. Drug treated animals that received

multiple treatments of C. parvum (I. P.) or blast cells (I.D.) exhibited a

MST ranging between 50 to 55 days, however, all animals eventually

succumbed to CNS involvement and eventual death, A single injection of

either agent was shown to be ineffective. Interestingly, a synergistic

effect was observed when multiple injections of C. parvum (I. P.) and blast

cells (I.D,) were administered simultaneously following Cytoxan therapy.

Approximately 50% of the animals that received the combined therapy

were surviving at 100 days. This conceivably illustrates the importance of

combining antigen with potential immune stimulators when attempting to

augment the immune response. Unfortunately, when the long term, survivors

were challenged S.C. at 100 days they were not refractory as all animals

died around the same time as the control group.

Collaborative studies have continued over the year with Dr. John Dahlberg,

NCI, involving the L^C guinea pig leukemia. Subcutaneous inoculation of

tumor cells into strain 2 guinea pigs not only resulted in a rapid

increase in the WBC count as reported earlier, but also the appearance of

extracellular virus particles as observed by EM as well as the presence of

a particle associated RNA-directed DNA polymerase in infected plasma.
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Competitive molecular hybridization studies revealed that the plasma obtained
from leukemic guinea pigs contained approximately 2x10 virus particles
per ml with an RNA that is completely homologous to the RNA of the BuDR-
induced guinea pig virus. The extra cellular virus-like particles, as

observed in the ultrathin sections of high speed pellets, were found to be

present in the plasma at maximal levels just before the animal died from ^-
leukemia and at a time that the peripheral WBC counts had reached their M^
highest level. There also appeared to be a correlation between the RNA ~»^'

directed DNA polymerase activity observed in the plasma of leukemic animals
and the presence of extra-cellular virus particles in the plasma. Treat-
ment of leukemic pigs with Cytoxan resulted in not only a precipitous
decline in the WBC count but also the RNA-directed DNA polymerase activity
dropped to baseline levels within 24 hours after drug therapy„ At
relapse the drug treated animals exhibited the characteristic meningeal
leukemia, increased WBC counts and detectable RNA-directed DNA polymerase
activity in the plasma. At the moment, the presence of RNA-directed
polymerase activity and the RNA observed in the molecular competition
hybridization studies would ascribe to one type of virus which exhibits
a variety of morphological states in electron micrographs.

A collaborative study was initiated with Drs. Rapp and Zbar approximately
4 months ago involving chemoimmunostimulation therapy against a chemically
induced sarcoma in strain 13 guinea pigs. Subcutaneous inoculation of

a 10% tumor homogenate into guinea pigs resulted in a rapidly growing
tumor at the site of inoculation with subsequent metastasis to the lungs

as well as to the mesenteric nodes. All animals died within 35 to 41

days. Surgical removal of the primary tumor (10-20 mm) resulted in

metastasis to the lungs and mesenteric nodes with 90% of the surgery treated
animals dying within 55 to 60 days. Preliminary studies have shown that 50 mg/

Kg of Cytoxan was effective against the primary tumor for a period of time and

now this dose of Cytoxan is being administered 4 days after surgery. If

the combined therapy of surgery plus Cytoxan is more beneficial than either
treatment alone, immunostimulation therapy will be incorporated into the

modality of therapy in hopes of controlling the metastatic lesions in the
lungs as well as extending the life span of the treated animals.

Over the last year a collaborative effort with Dr. Joseph Coggin, University
of Tennessee, has continued to see what effect ovarian ligation had on the
occurrence of spontaneous mammary carcinomas in C^HEN mice. Seven to

eight week old C^H mice were subjected to ovarian ligation sham surgery,
complete ovary removal and no treatment. The animals (50 per group) were

i

then held and monitored for the presence of tumor every two weeks for a ^p.
period of one year. At 6 months spontaneous tumors began to occur, i.e. ^"
ovariectomy (6.7%), ligation (15.6%), sham (11.3%) and normal (8.6%).

^^'

Interestingly, animals that underwent ligation continued to show a higher
incidence of spontaneous tumor (30.5%) when compared to the other ;

surgically treated groups (12%) after 8 months observation. One year later
a 100% spontaneous tumor incidence was present in all groups regardless !

of treatment. Also, at this time interval animals began to exhibit a
I

m
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similar death pattern with approximately 3% of the animals surviving at

18 months. At the moment, the tumor enhancement observed in the group

that underwent ovarian ligation is thought to be due to either a hormonal

effect of ligation or the presence of a "blocking factor" interfering with

the cell mediated immune response.

In collaboration with Drs. Campbell and Oldham investigations have centered

around detecting cytotoxic reactivity of Fischer 344 rat lymphocytes to

the syngeneic, weakly immunogenic mammary adenocarcinoma. Previous work

using conventional immunologic techniques have failed to demonstrate an

effective protocol for immunizing the animals against the progressive

gro'/fth of the tumor. However, recent studies have shown transplantation

protection when the animals had been previously "cured" of their tumor

by treatment with cyclophosphamide. This finding suggests that the tumor

does possess a recognizable tumor associated transplantation antigen (TATA),

despite its lethal growth characteristics. Preliminary data employing an

in vitro neutralization (WINN assay) has also indicated the presence of

TTTTA in addition to the slow development of concomitant immunity in

those rats bearing tumors greater than 8 mm in size. It is this

slow development of concomitant immunity which allows for metastases

to shed into the circulation and eventually kill the host. In vitro

testing using spleen cells from cyclophosphamide treated "immune" rats

showed only low levels of cell-mediated lymphocytotoxicity to the tumor

cell. However, significant levels of humoral immunity were present in

rats bearing 12-16 mm tumors. No proliferative responses (in mixed

lymphocyte tumor cell interaction) have been observed despite extensive

testing. Thus in vitro measurements of cellular immunity have not to

this time reflected the demonstrated immunity that animals posses in vivo .

Work underv^y at this time suggests this disparity may be related to an

immunosuppressant virus harbored in the tumor cell which can mask immune

responses as measured in vitro .

Significance to Biomedical Research and the Program of the Institute :

The current program is directed toward the treatment and control of

virus-induced and spontaneous leukemias, lymphomas, and sarcomas in a

variety of animal systems. Comparisons made by the use of drugs or

surgery alone or in combination with immunostimulators and vaccines may

lead to more effective measures.

Proposed course :

Investigations are to be initiated to study the common antigenicity among

viral, chemical and spontaneous tumors in guinea pigs. The first phase

of this new program will be attempts to amplify the presumed common tumor

antigens of the above mentioned types of tumors by selective transplantation

procedures. Selected tumors will be carried in guinea pigs and sera

periodically collected to assess their humoral immunity to autologous
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tumor tissue. Those tumors demonstrating a significant response to their
own antisera will be subsequently utilized for continuous passage in

hopes of augmenting the antigenic response. Once antigenic tumors have
been obtained based on antibody titers, the tumors and homologous sera
will be subjected to assay for antigen-antibodies common to a variety of

viral-induced, chemical and spontaneous tumors. Biochemical studies will

also be undertaken in order to purify tumor antigens which may be used

to show the existence of common antigens among the chemical, viral and

spontaneous tumors in guinea pigs by using in vivo and in vitro immuno-

logical techniques.

On a collaborative effort, immunotherapy studies will continue involving
the L2C leukemia and a chemically induced tumor in guinea pigs. The use
of immune stimulators alone or in combination with syngeneic vaccines will

be investigated.

Publications :

Pearson, J., Perk, K. , Torgersen, J. A., and Chirigos, M.A.: Drug therapy
against a transplantable guinea pig leukemia. Cancer Res. 35: 1093-1098,
1975.

Pearson, J.W., Perk, K. , Chirigos, M.A., Pryor, J.W., Fuhrman, F.S.:

Histological and combined chemoimmunostimulation therapy studies against
a murine leukemia. Int. J. Cancer 16: 142-152, 1975.

Michalides, R., Schlom, J., Pearson, J., Perk, K. , Dahlberg, J.:

Characterization of the oncornavirus particles in the plasma of guinea
pigs with the L2C leukemia. J. Virology (in press).
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TOTAL MANY EARS: PROFESSIONAL:|si^N OTHER:
3.0

SUMMARY OF WORK (200 words or less - underline keywords)

Vaccine and IgG experiments in certain inbred mice and in crossbreds have led
to significant suppression of type C RNA viruses ecotropic viruses. As much as
4 to 5 logs of virus normally found in controls can be suppressed in early
life for as long as 40 to 50 days; relative to controls up to 2 logs of virus
have been suppressed up to 200 days. Final tumor incidences in a number of
experiments now on test will be available during FY 1977. Preliminary indicatio|ns
in several of the studies suggest that suppression of endogenous virus will
result in significant protection against spontaneous cancers.
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Project Description

Objectives :

i)

1. To suppress type C RNA tumor virus expressions in early life with

immunogenic type C viral vaccines and IgG and to study the effects of
specific immunity on the incidence of spontaneous or chemically induced

neoplasias later in life (in collaboration with Dr. Raymond Gil den. Dr. J.
j

Ihle and Dr. Donald Fish of FCRC). !

2. To prevent chemical transformation in vitro with the use of type specific
j

immunity to endogenous and/or exogenous type C viral genomes known to I

participate in chemical transformation (in collaboration with Dr. Paul Price
|

and associates at MAI).

3. To study common tumor antigens identified by complement fixation tests

to be present on rat, mouse and human tumor cells; to selectively produce
specific antisera to these tumors in transplantation systems and finally to

utilize both in attempts to prevent tumor transplantation and spontaneous
tumors

.

Methods Employed :

Vaccines and IgG preparations are produced on contract (VCP's Resources m^
Program - Dr. Jack Gruber) accoraing to specifications defined by the ^^
responsible investigator. Two publications to be published early in FY 1976

describe methods in details.

Major Findings :

These are also discussed in a larger context in the LRTV Chief's Summary. In

short, vaccine and IgG experiments in certain inbred mice and in crossbreds

have led to significant suppression of type C RNA viruses ecotropic viruses.

As much as 4 to 5 logs of virus normally found in controls were suppressed
in early life up to 40 to 50 days. Relative to controls up to 2 logs of

virus were suppressed up to 200 days. Final tumor incidences in a number of

experiments now on test will be available during FY 1977. Preliminary
indications in several of the studies suggest that suppression of endogenous

virus will result in significant protection against spontaneous cancers.

«:
Protection against SMC tumors in C57B1 mice with the use of a live vaccine

made from the endogenous C57B1 virus (RadLV virus of Lieberman and Kaplan)

was confirmed in FY 1976. The original studies showing protection were
reported by Whitmire, Huebner and associates several years ago.

Significance to Biomedical Research and the Program of the Institute :

Protection against spontaneous cancer and chemically induced neoplastic trans-
|

formation with the use of virus type specific vaccines and/or IgG would
accomplish two objectives: (1) establish the value of a type specific immunit^^

^'
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for suppression of endogenous virogenes and oncogenes and (2) prove the role

of these virogenes and oncogenes in spontaneous cancer of experimental

animals.

Proposed Course :

To continue experiments now in progress and also to extend vaccine and IgG

in studies of higher classes of animals (baboons and chimpanzees) and

eventually to man.

Publications :

Dalton, A. J., Melnick, J. L. , Bauer, H. , Beaudreau, G., Bentvelzen, P.,

Bolognesi, D. , Gallo, R. , Graff i , A., Haguenau, F. , Heston, W. , Huebner, R.

,

Todaro, G. , and Heine, U. I.: The case for a family of reverse transcriptase

viruses: retraviridae. Intervirology 4: 201-206, 1974.

Donahoe, R. M. , Peters, R. L. , Van Vleck, R. , Huebner, R. J., and Kelloff,

G. J,: Development of a lymphocyte transformation microassay for murine

leukemia virus. J. Natl .Cancer Inst . 56: 51-57, 1976.

Gardner, M. B. , Henderson, B. E., Estes, J. D., Rongey, R. W. , Casagrande, J.,

Pike, M. , and Huebner, R. J.: The epidemiology and virology of C-type

virus-associated hematological cancers and related diseases in wild mice.

Cancer Res . 36: 574-581, 1976.

Gardner, M. B. , Klement, V., Henderson, B. E. , Meier, H. , Estes, J. D. , and

Huebner, R. J.: Genetic control of type C virus of wild mice. Nature 259:

143-145, 1976.

Huebner, R. J., Gilden, R. V., Lane, W. T. , Toni , R. , Trimmer, R. W. , and

Hill, P. R. : Suppression of type C RNA virogenes by type specific oncorna-

virus vaccine. Proc. Nat. Acad. Sci . 73: 623-624, 19/6.

Huebner, R. J., Gilden, R. V., Lane>s W. T. , Trimmer, R. W. , and Hill, P. R.

:

Suppression of endogenous type C RNA virogene expression in mice by serotype

specific viral vaccines; progress report. In Chirigos, M. (Ed.): Proc.

Second Conference on Modulation of Host Resistance in the Prevention or Treat-

ment of Induced Neoplasias . (In press).

Kelloff, G. J., Peters, R. L.

,

Donahoe, R. M. , Ghazzouli, I., Sass, B. , Nims,

R. M. , and Huebner, R. J.: An approach to C-type virus immunoprevention of

spontaneously occurring tumors in laboratory mice. Cancer Res . 36: 622-630,

1976.

Levy, J. A., Hartley, J. W. , Rowe, W. P., and Huebner, R. J.: Studies of

FBJ osteosarcoma virus in tissue culture. II. Autoinhibition of focus

formation. J. Natl. Cancer Inst. 54: 615-619, 1975.
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Price, P. J., Arnstein, P., Suk, W. A., Vernon, M. L., and Huebner, R. J.

:

Type C RNA viruses of the NIH nude mouse. J. Natl. Cancer Inst . 55: 1231-1232,

1975.

Price, P. J., Bellew, T. M. , King, M. P., Freeman, A. E., Gilden, R. V., and

Huebner, R. J.:. Prevention of viral-chemical co-carcinogenesis in vitro by

type-specific anti -viral antibody. Proc. Nat. Acad. Sci . 73: 157^155, 1976.

Price, P. J., Suk, W. A., Peters, R. L., Martin, C. E., Bellew, T. M. , and

Huebner, R. J.: Cordycepin inhibition of 3-methycholanthrene-induced trans-

formation i_n vitro. Proc. Soc. Exp. Biol. Med . 150: 650-653, 1976.

Price, P. J., Suk, W. A., Skeen, P. C, Chirigos, M. A., and Huebner, R. J.:

Transforming potential of the anticancer drug adriamycin. Science 187: 1200-

1201, 1975.

Rhim, J. S. , Cho, H. Y., Vernon, M. L., Arnstein, P., Huebner, R. J., Gilden,

R. v., and Nelson-Rees, W. A.: Characterization of non-producer human cells

induced by Kirsten sarcoma virus. Int. J. Cancer 16: 840-849, 1975.

Rhim, J. S. , Kim, C. M. , Arnstein, P., Huebner, R. J., Weisburger, E. K. , and

Nelson-Rees, W. A.: Transformation of human osteosarcoma cells by a chemical

carcinogen. J. Natl. Cancer Inst . 55: 1291-1294, 1975.

Rhim, J. S. , Park, D. K. , Arnstein, P., Huebner, R. J., Weisburger, E. K.

,

and Nelson-Rees, W. A.: Transformation of human cells in culture by N-methyl-

N'nitro-N'nitrosoguanidine. Nature 256: 651-753, 1975.

Rhim, J. S., Ro, H. S. , Kim, E. B. , Gilden, R. V. , and Huebner, R. J.:

Transformation of horse skin cells by type-C sarcoma viruses. Int. J. Cancer

15: 171-179, 1975.

Sarma, P. S. , Log, T. , Jain, D. , Hill, P. R. , and Huebner, R. J.: Differential

host range of viruses of feline leukemia-sarcoma complex. Virology 64: 438-446,

1975.
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SUMI\!ARY OF IJGRK (200 words or less - underline keyword?, .

This project has the long range goal of immunoprevention of spontaneous neoplasm; .

in animal model systems that have viral and epidemiological similarities to humart

neoplasia . To this end, past efforts have included a definition of the endogenou s

type C viruses and spontaneous tumor expressions in large holding colonies of
untreated aging mice and more recently the project has developed
a number of immunoassays to measure the host's natural and induced immune
responses to type C viruses and tumor cells , including cellular and humoral
jcytotoxicity , footpad, lymphocyte transformation, and radio-immunoassays . This
project has found that non-infectious viral and virus containing cellular vaccinas
can be produced which evoke measurable immune responses in the animal and also
result in resistance and protection of the animal to challenge with high doses
of leukemogenic virus and tumor cells. Studies of the animal's immune response
potential versus aging and his endogenous ecotropic and xenotropic type C virus
expression (in his tumor cells and his immune system) will provide information

^to reach the stated goals. The necessary immunoassay and viral assay techniques
Mre now in hand to sort out this complex issue in, natural tumor systems and
establish the feasibility of these future studies and achievement of the long
range goals.
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Project Description

Objectives :

(A) Development and utilization of assays for monitoring cell -mediated and
humoral immunity in the mouse to type C virus and type C viral antigens and
non-viral antigens in cellular vaccines prepared from syngeneic tumor cell
lines.

(b) Determination of whether type C virus vaccines or virus containing
cellular vaccines can prevent spontaneous, chemically induced, or irradiation
induced tumors in mice known to have measurable humoral and cellular
responsiveness to the viral immunogens.

(C) Determination of the immune competence of laboratory animals with aging
and development of naturally occurring neoplasms and how this relates to
endogenous ecotropic and xenotropic virus expression. Determination of the
effect of transfer of syngeneic immunocompetent cells on the incidence of
naturally occurring neoplasms.

Methods Employed and Major Findings :

A footpad assay for measuring delayed-type hypersensitivity to type C virus
in the mouse was developed and has shown that a DTH response can be induced
in the BALB/cCr mouse when immunized with formalin-inactivated, sucrose-
banded murine type C viruses. The DTH response was inducible with as little
as 11.25 pg of sensitizing antigen, was greatest after sc sensitization as
compared to im or ip sensitization, and was optimally elicited with a 7-day
challenge. A statistical evaluation of the DTH assay revealed that the test
was consistently reproducible and limited only by biologic variability of the
mouse and the standardization of the antigen preparation.

Additionally, an in vitro assay to monitor cellular immunity to type C virus
vaccine was essential to allow the simultaneous study of the host's lymphocyte
reactivity to a variety of antigens, and was desirable for serial monitoring
of animals as an adjunct to the footpad assay. For this, a lymphocyte
transformation micro-assay was developed from spleen harvests of BALB/c mice.
The optimal culture conditions for the microassay were established by
measurement of lymphoblastogenesis in response to phytohemagglutinin (PHA)
and pokeweek mitogen. Immunization, as measured by this assay, of adult
BALB/cCr mice with inactivated murine- type C virus vaccines was achieved with
a three dose regimen of 200, 100, 100 yg of virus. The ip route of immunization
induced the best responses in lymphocytes harvested 18 days after the last
immunogen was given.

These two immunoassays were then applied to study the characteristics of the
cell-mediated irmiune response of the mouse to type C virus vaccines. Studies
with two murine type C viruses (R-MLV and G-MLV), simian type C virus, and an

avian type C virus (avian myeloblastosis virus) showed that the cell-mediated
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immune response of the animal includes type-specific, group-specific, and
interspecies specific reactivity. The mouse gave a cell-mediated immune
response to at least one of the polypeptides of the type C virus, the gp70,
whether this polypeptide was presented to the immune system of the mouse as

whole virus, tween-ether treated virus, or a purified polypeptide. One
measure of the effectiveness of the type C virus vaccines and correlation of

these two immunoassays with effective immunity was shown by immunization of
the mouse with R-MLV vaccine which induced measurable cell-mediated immunity
and resistance to challenge with both live Rauscher leukemia virus and a

naturally occurring BALB/c leukemia virus. Immunity to challenge with live
virus was also shown after immunization with purified RLV gp70.

The finding of type C viruses or viral antigens in the spontaneous neoplasms
of virtually all species where it has been sought has suggested that these
viruses are the specific etiological agents of these neoplasms. The
demonstration of the oncogenicity of most of these virus isolates provides
further evidence for this. Regardless of this etiological role, however,
of more practical concern is the fact that the virus is present in these
neoplasms and the fact that immunizing preparations of the virus might be
effective in attempts at immune prevention of these tumors. In studies of
two "low incidence" strains of mice the BALB/cCr and the NIH Swiss, we have
found either infectious ecotropic type C virus or viral antigens in the
former or xenotropic type C virus antigens in the former and the latter in

virtually ewery spontaneously occurring neoplasm examined. This established
that viral antigens were ubiquitous in the tumors in at least these two
strains of mice. It was felt, therefore, that a cytotoxic or cell killing
immune response directed against viral antigens in target cells might provide
the means to prevent spontaneously occurring neoplasms, regardless of the
etiologic role of the endogenous virus. We have, therefore, established
cell-mediated and humoral chromium release cytotoxicity assays. We have
found that virus vaccine immunization or virus containing cellular vaccine
immunization can result in a cytolytic immune response against target cells

containing type C viruses. These assays are currently being examined in a

variety of experiments to determine their specificity, and their ability to

predict the in vivo immunity of the animal.

Large scale animal experiments, aimed at prevention of spontaneous, chemically
induced, or irradiation induced tumors in the BALB/cCr, NIH Swiss and C57B1

mice are currently in progress. These experiments involve viral or cellular
vaccines, involve animals of various ages, involve measurement of endogenous
ecotropic or xenotropic infectious virus or viral antigens, measurement of
the animal's natural and induced cellular and humoral immune responses to the
virus and virus positive target cells, and finally involve a rigorous
histopathologic review to determine the effect of immunization on the
spontaneous and induced neoplasms. These experiments range in duration from
6 months to 21 months and offer an excellent opportunity to understand how
the complex virus-host relationship and complex immune responses of the animal
can be used to prevent spontaneously occurring tumors. These studies have
already shown that old animals containing isolatable ecotropic viruses have
their spontaneous lymphoreticular neoplasm incidence enhanced when immunized
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with type C virus or adjuvant, in spite of circulating antibody to type C
|

virus, but young animals when immunized prior to endogenous virus expression i

have no detectable virus in their spleens when their aged matched controls I

have up to two logs of isolatable virus. '

Studies to assess the immune competence of laboratory mice with aging and
j

with the development of naturally occurring neoplasms are planned, and the !

effect that transfer of syngeneic immunocompetent cells from young hosts has
i

on these two parameters will be studied, as well as the effect of the
adoptive transfer of lymphocytes specifically immune to type C virus.

Significance to Biomedical Research and the Program of the Institute :

The vaccine studies are designed to ultimately determine whether type C

viral vaccines and cellular vaccines can be used in the immunoprevention of

spontaneously occurring neoplasms. '

I

Proposed Course :

Continuation of studies outlined above.
j

Publications :

i

Sass, B., Rabstein, L.S., Madison, R. , Nims, R.M., Peters, R.L. and Kelloff,
;

G.J.: Incidence of spontaneous neoplasms in F344 rats throughout the natural!

life-span. J. Natl. Cancer Inst . 54:1449-1456, 1975.
j

Peters, R.L., Donahoe, R.M. and Kelloff, G.J.: Assay in the mouse \

for delayed-type hypersensitivity to immune leukemia virus. J. Natl. Cancer '

Inst . 55:1089-1095, 1975.
|

i

Kelloff, G.J., Peters, R.L., Donahoe, R.M., Ghazzouli, I., Sass, B. , Nims, R.'

and Huebner, R.J.: An approach to type C virus immunoprevention of
]

spontaneously occurring tumors in laboratory mice. Cancer Res . 36:622-630,
\

1976. i

Donahoe, R.M., Peters, R.L., VanVleck, R. , Huebner, R.J. and Kelloff, G.J.;

Development of a lymphocyte transformation microassay in the mouse to

murine leukemia virus. J. Natl , Cancer Inst . 56:51-57, 1976.

Kelloff, G.J., Peters, R.L., Donahoe, R.M., Stephenson, J.R. and Aaronson,
S.A. : Natural occurrence of tumors in mouse strains differing in their
xenotropic and ecotropic endogenous viruses, J. Natl . Cancer Inst .

(In Press).
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SUMMARY OF WORK (200 words or less - underline keywords)

Studies were undertaken to determine prevalence and natural behavior of type C

RNA tumor viruses of cat, chicken, mouse and man. A method was developed for
continuous culturing of mouse splenic lymphocytes . A type C virus which appears
to be a new type of mouse type C virus was continuously released from cultures
derived from BALB/c mouse but not from similar cultures of 4 other mouse strains
Evidence was obtained that feline sarcoma virus is similar to other mammalian
sarcoma viruses in that FeSV is defective and depends on helper leukemia virus
for synthesis of its viral glycoproteins. A method was developed for rapid
serologic identification and typing of feline leukemia virus in field cats.
The method involved identification of viral envelope antigens on cell surfaces
of cat lymphocytes and feline cells infected in vitro by a membrane immuno-
fluorescence technique. Horizontal transmission of feline leukemia virus was
confirmed with use of feline leukemia virus with an envelope antigenic marker.
A sensitive method was developed for rescue and demonstration of chicken
endogenous virus in diverse genetic lines of chickens. Sero-epidemiologic
studies of humans failed to suggest that a virus similar to woolly monkey
sarcoma virus is etiological ly involved in human malignancies ,
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Pro.iect Description

Objectives :

This section is concerned with laboratory and field studies on type C RNA
tumor viruses to determine their prevalence, natural behavior and modes of
transmission in selected mammalian and avian species and establish their
role in naturally occurring and experimentally induced cancers.

Major Findings :

Murine Type C Virus : A method was developed to establish mouse splenic
B-lymphocytes in continuous culture. This method involved the use of rat-
tail collagen-coated glass and plastic surfaces which seems to specially
enhance adherence and propagation of splenic B-lymphocytes. The cells were
considered to be B-cells on the basis of the following criteria: (a) they
synthesize IgM and IgD molecules which are deposited on the cell membrane,
(b) they possess Fc and complement receptors, and (c) they do not possess
any 0-antigen. Using this technique, B-lymphocytes from six different
strains of mouse were established in continuous culture. These strains are
BALB/c, C57B1/6, NZB, 129/J, SWR, NIH Swiss. The virus production in all

these cell cultures was assayed by (a) reverse transcriptase assay, (b) CF

test, (c) electron microscopy. All the techniques showed that only BALB/c
lymphocytes spontaneously produce type C viral particles under these culture
conditions. Thus it appears that B-lymphocytes of BALB/c strain do not
repress the viral genome while those of all other strains tested are capable
of repressing the virus production under identical conditions. Further
characterization of this virus showed that this is an RNA virus which has

peculiar host-range properties in that it grows well on SC-1 cells, poorly
on BALB/c cells and duck fibroblasts, while it does not grow on NIH Swiss
fibroblasts, RD cells, rat cells and SIRC cells. Thus it appears to be a

virus with properties hitherto undescribed. It is not clear whether this
virus has arisen due to a phenotypic mixing of ecotropic and X-tropic
viruses or whether it is an entirely new type of virus. Further immuno-
logical studies are being carried out to clarify the nature of this virus.

A new method for the demonstration and rescue of chicken endogenous virus :

A cell line was derived from a hamster brain tumor induced by the Bryan
strain of Rous sarcoma virus. It was found to contain a covert virus
identical with RSV(-). This virus could be rescued as infectious RSV by
complementation with the vertically transmitted cryptic chicken endogenous
virus in cells of diverse strain of chickens. This formed the basis of a

new method for the demonstration of this subgroup E avian endogenous virus
in such avian cells. Thus, contact of the hamster tumor cells with chicken
cells, but not quail cells, in vivo or in vitro resulted in the production
of infectious RSV with the envelope of tFe subgroup E virus. This method
appears to be very sensitive in that chicken cells shown to be gs- and chf-
also were found to contain the cryptic avian endogenous virus demonstrable
by this new technique.
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Evidence for the defectiveness of feline sarcoma virus : Phenotypic mixing
of Sn^der-Theilen strain of feline sarcoma virus (ST-FeSV) (antigenic
mixture of A and B) vn'th helper feline leukemia virus (FeLV) of subgroup C

results in the production of ST-FeSV of subgroup C as well. ST-FeSV with
envelope of subgroup C virus can thereafter be isolated and maintained as a

single antigenic type by propagation in suitable susceptible cells. The
acquisition and continued maintenance by ST-FeSV of the viral envelope of
TeLV of subgroup C suggests that the cell transforming ST-FeSV is defective
for the synthesis of viral envelope antigens and depends on the associated
nontransforming helper FeLV for this function.

Horizontal transmission of feline leukemia virus : A strain of feline
leukemia virus of subgroup A was found to readily undergo horizontal trans-
mission to cats housed in the same isolation cage. One of 4 kittens of a

litter was inoculated intraperitoneally with the virus. Weekly blood smear
examinations were made to determine the presence of viral gs antigens in

the leukocytes (Hardy's method). Within 2 weeks after experimental
inoculation of one kitten, infection was noted in other cats. All other
kittens, including the mother cat, became positive for virus within 5 weeks
after inoculation. Virus isolated from peripheral blood of these cats was
found to be the same serotype (subgroup A) as the virus originally inoculated
into one kitten. Previous studies by Hardy and others on horizontal trans-
mission of FeLV were inconclusive since the serotype of virus being
transmitted was not examined. Our study confirms Hardy's earlier preliminary
observations and shows that feline leukemia virus does undergo horizontal
transmission in cats.

Demonstration of viral envelope antigens of feline leukemia virus on cell

membranes by indirect immunofluorescence : Subgroup specific viral
neutralizing antisera against feline leukemia virus subgroups A, B, and C

were prepared by injection of cats with feline cells productively infected
with the virus. Using the technique of indirect immunofluorescence, viral

envelope antigens were detected on the membranes of virus -infected feline
cell cultures and lymphocytes from peripheral blood of leukemic cats.

Studies on virus implicated as bovine leukemia virus (BLV) : Van Der Maaten
strain of BLV was concentrated from media of lamb cells chronically infected
with the virus. The group-specific antigen of BLV was purified and its

molecular weight was determined on polyacrylamide gels. It has a molecular
weight of 24,000. It was radio-iodinated and its cross-reactivity with other
known viral group-specific antigens was determined by radioimmunoassay.
Preliminary results demonstrate that it does not cross-react with the gs

antigens of any known B-type or C-type viruses. Its cross-reactivity with
other known bovine viruses is being determined. The occurrence of this viral
antigen in normal and leukemic bovine tissues is being studied.
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Primate type C virus :

Absence of virus neutralizing antibodies in human sera : Recent reports have
appeared that suggest that a type C virus immunologically identical with the
woolly monkey sarcoma virus (WMSV) may be etiologically involved in certain
human malignancies such as myelogenous leukemia. Serum neutralization tests
were performed with WMSV to determine the presence of virus-neutralizing
serum antibodies against this virus in humans with or without cancer. A

WMSV-like type C virus reported to have been isolated by Gallagher,Gallo and
associates from a human patient was also used. Our studies have failed to
indicate the presence of detectable virus neutralizing serum antibodies in 49
normal human subjects involved in laboratory research with viruses.

Attempt to isolate virus from human malignancies : Spleens of two human
patients with lymphatic leukemia were examined for type C virus. Cells were
grown on rat-tail collagen coated bottles and examined for virus. Homogenized
spleen tissue was submitted to density gradient fractionation. The fractions
were examined for reverse transcriptase activity.

One of two spleens contained significant reverse transcriptase activity.
Peak activity was found at a density of 1.16 g/cc in sucrose gradients.
Cultured cells failed to reveal evidence of a type C virus. Clarified
culture supernatants did not contain an isolatable type C virus as determined
by inoculation of diverse mammalian species.

Significance to biomedical research and the program of the institute :

Studies described herein provided important information on the prevalence and
natural behavior of type C RNA tumor viruses of cat > chicken, mouse and man.

Preliminary studies were also carried out to characterize the putative
etiologic agent of bovine leukemia.

A method was developed for the continuous culturing of mouse splenic
lymphocytes. A type C virus which appears to be a new type of mouse type C

virus was continuously released from cultures derived from BALB/c mouse but

not from similar cultures of 4 other mouse strains. The complete virologic
and immunologic characterization of this virus, its prevalence and genetic
control of transmission in mice are under study.

Evidence was obtained that feline sarcoma virus is similar to other mammalian
sarcoma viruses in that the virus is defective and depends on helper leukemia
virus for synthesis of its viral glycoproteins. A method was developed for
the rapid serologic identification and typing of Ifeline leukemia virus in

field cats. The method involved the identification of the viral envelope
antigens on cell surfaces of cat lymphocytes and feline cells infected in

vitro by a membrane immunofluorescence technique. Horizontal transmission
of feline leukemia virus was confirmed with the use of feline leukemia virus
with an envelope antigenic marker.

A new and sensitive method was developed for the rescue and demonstration of
chicken endogenous virus in diverse genetic lines of chickens.
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Our sero-epidemiologic studies of humans failed to suggest that a virus
similar to woolly monkey sarcoma virus is etiologically involved in human

malignancies.

Proposed Course :

Studies on a mouse type C virus described herein will be continued to

determine its virologic and immunologic characteristics, its prevalence
and genetic control of transmission in mice. Sensitive in vitro methods
are being developed for the detection^assay and characterization of covert
as well as infectious type C viruses (selected species) and their antigens.

Publications :

Sottong, P., Woo, J., Sarma, P.S., and Vaituzis, Z: Partial character-
ization of C-type particles in a cell line {WR-9) derived from a rat
epidermoid carcinoma of spontaneous origin. Cancer Research 35: 2864-2870,

1975.

Paul, P.S., Pomeroy, K.A,, Sarma, P.S., Johnson, K.H., Barnes, D.M.,

Kumar, MX., and Pomeroy, B.S.: Naturally occurring reticuloendotheliosis
in turkeys: Transmission. J. Natl . Cancer Inst . , in press.

Reddy, E.P., Price, P.J., Chung, K.C., and Sarma, P.S.: Continuous
culturing of murine splenic B-lymphocytes: Synthesis and surface deposition

of IgM and putative IgD molecules. Cell , in press.

Sarma, P.S. and Log, T.: Cell membrane antigens induced in vitro by feline

leukemia virus. Demonstration of type specificity by indirect immuno-

fluorescence. Virology , in press.
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Low cancer incidence mice exposed to x-irradiation came down with lymphomas,

some of which yielded transplantable tgmor lines and xenotropic type C virus .

Some anti -cancer vaccines resulted in increase in the resistance to tumor

challenge. More potent specific vaccines are to be tested. Transplantation

of human neoplasms to a thymic nude mice resulted in propagation of some

malignant tumors and rejection of benign inocula.

PHS-6040
(12-75)

1378



Project No. Z01-CP-04930-05-LRTV

Project Description

Objectives:

1. Study representative transplantable neoplasms with emphasis on in vivo
tumor formation, type C virus activity, chemical and radiation inducibility
and establishment in tissue culture.

2. Design, develop and carry out experiments which will measure response
to anti-cancer vaccines, especially those containing type C viruses and
tumor cell antigens.

3. Study human tumor xenografts in immunodeficient animals.

Methods Employed and Major Findings:

1. X-irradiation lymphomas have in the past yielded ecotropic MuLV. The

response of mice containing no ecotropic viral genomes to similar x-ray
schedules had not been well -documented and was therefore studied as follows:
low leukemia (and oncornavirus) mice, strains C57/Leaden and 129J, were
exposed to sequential sublethal irradiation described as consistently
lymphomagenic by Kaplan and his coworkers (JNCI 13: 185-208, 1952) and

observed at least a year post-irradiation.

A. C57L mice . Most x-irradiated mice succumbed to thymic lymphomas;
the subsequent findings which have been submitted for publication in the

Journal of the National Cancer Institute are, briefly: 3 to 11 months after
irradiation 5 of 7 exposed mice developed malignant lymphomas, primarily
involving the thymus. The lymphomas were readily transplantable to additional
C57L mice of any age, resulting in fatal lymphomatous involvement, and could
be propagated in tissue culture. A xenotropic murine type C virus was

isolated from the cultured lymphoma cells following cocultivation with a

permissive dog line. No ecotropic MuLV was present in tumors or cultures.
It was concluded that ecotropic MuLV is not a prerequisite for murine
lymphoma induction.

B* 129 J mice . A total of 18 mice, 10 weanlings and 8 mature, were

x-irradiated using somewhat higher energy than in C57L's (200 R vs. 160 R)

because of the reported high resistance of 129J's to radiation. Only 3

have developed lymphomas during one year post-irradiation. Tumor suspension

lines have been established and tested for xenotropic and ecotropic virus.

No isolates have been confirmed and the cocultivation techniques which had

successfully established the C57L virus from radiation lymphomas have given

negative results in all 129J experiments to date. Studies are still in

progress.
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II. Transplantable neoplasms: propagation and vaccination.

A. NIH Swiss fibrosarcoma N275 . This is a spontaneous neoplastic
culture derived from the tumor of an NIH Swiss breeder, currently p. 50,
which consistently results in progressive ultimately lethal transplant
sarcomas in 80-90% of normal NIH Swiss weanlings given 10^ viable cells
subcutaneously. Several antigenic preparations have been tried to produce
resistance to this tumor, as summarized in Table 1.

Table 1.

Sarcoma Incidence in Vaccinated and Control Mice
Challenged with 10^ Sarcoma N275 Cells

Vaccination

0. Controls
1. Gluteraldehyde-killed AKR MuLV in NIS Swiss cell line

2. Gluteraldehyde-killed xenotropic virus in 34489*

3. Gluteraldehyde-killed NIH Swiss cell line, virus free

4. Gluteraldehyde-killed homologous N275 cells
5. Concentrated Rauscher xenotropic virus mixture (cell-

free Moloney procedure, live)

6. Fetal bovine serum
7. Corynebacterium vaccine
8. Viable 34489* line cells
9. Viable AKR MuLV in NIH Swiss cell line

10. Subtumori genie doses of tumor line N275

3 doses 80%
3 doses 85%
3 doses 80%
3 doses 25%

3 doses 80%
3 doses 50%

3 doses 22%

3 doses 23%
3 doses 17%

<10%

*34489 is Hartley's NIH Swiss lymphoid line containing defective

xenotropic MuLV and non-tumori genie for NIH Swiss weanlings.

Conclusions : Relative resistance to N275 tumor isograft can be elicited by

a variety of viable cell vaccines. This resistance is apparently due to

non-specific immunostimulation as demonstrated by significant protection
afforded by bacterial and bovine antigen. Killed cellular and viral

vaccines are apparently noneffective. None of the vaccines has equated
high level protection produced by viable subtumorigenic graded doses of

the homologous (challenge) line (see 10 above.) It may be possible to

approach these resistance levels by vaccinating with concentrated antigen

characteristic of murine tumor cells ("sarc" gene product).

B. C57L lymphoma L691 . The lymphoid suspension line derived from an

x-ray thymic lymphoma produces uniformly fatal generalized lymphomas in

C57L mice of any age. Virtually 100% of mice receiving an isograft of

5X106 viable cells'SC succumb to systemic disease; no alteration in morbidity
or mortality can be elicited with vaccines which protect from sarcoma N275.
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Subtumori genie doses of L691 itself also do not protect, nor does

concentrated (Moloney procedure) C57L xenotropic virus used as live

vaccine. It will be very difficult to produce vaccines which will protect

from lymphoma challenge of this type.

C. Additional transplantable murine neoplasms established in tissue

culture or adapted to serial transplantation are available for future

vaccine tests: (1) NIH Swiss lung carcinoma (chemically induced)

(2) NIH Swiss malignant lymphoma (chemically induced)

(3) NIH Swiss breast carcinoma (spontaneous tumor)

(4) C57L sarcoma (chemically induced)

(5) 129J malignant lymphoma (x-ray induced).

III, Chemical carcinogenesis

A. 3-methylcholanthrene (3MC). Consistent 80-90+% incidence of invasive

lethal solid tumors (fibrosarcomas, rhabdomyosarcomas and carcinomas) has

been demonstrated in NIH Swiss mice receiving 200-300 meg of 3MC subcuta-

neously. Prevaccination with live or cell + virus vaccines prior to

challenge apparently delays onset of tumors and deaths, but does not alter

the final attack rate. The following types of live cell vaccines have

been used: (a) NIH Swiss fibroblast line, (b) NIH Swiss fibroblast line

with ecotropic virus, and (c) NIH Swiss lymphoid line with xenotropic

virus. A similar delay in onset has been elicited with nonspecific bovine

and bacterial vaccines and is also observed in mice which had previously

rejected sarcoma N275 isografts. The differences among the various groups

are pronounced 60 days after challenge, but are no longer so at 90 days.

Killed vaccines showed no protective effect, even at 60 days, and in some

instances accelerated the appearance and growth of SMC tumors.

B. 1 -ethyl -1 -nitrosourea (ENU). This transplacental carcinogen used

according to schedules elaborated by Rice resulted in induction of 20 lung

carcinomas and one malignant lymphoma among 36 mice at risk. The animals

were exposed in utero and developed neoplasms at 5-11 months of age.

This system may be conducive to vaccine trials due to the long incubation

period of the tumors induced.

IV. Xenotransplantation to athymic nude mice.

A. Direct implants of human surgical specimens. A new scheme of

implanting surgical specimens has been arranged with collaboration from a

Sacramento pathologist. He has implanted specimens' into our mice in his

pathology suite at the hospital within a few minutes after surgery.

;

The rate of "takes" has been greater than before: of confirmed malignancies,

3 resulted in progressive tumor xenografts--l vaginal carcinoma,

1 endometrial carcinoma, and 1 bladder carcinoma.
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B. Tests of potentially tumorigenic tissue cultures. Collaborative
trials with Rhim continue to demonstrate the usefulness of the tumor
xenograft "take" as a measure of malignant cell transformation by
chemicals or transforming viruses.

Significance to Biomedical Research and the Program of the Institute :

Studies on the relationship of tuiirar-specific and oncornavirus-specific
(or virogene dependent) cellular antigens can be efficiently performed in

laboratory mice where the type C viruses have been well -characterized.
MuLVs are known to be genetically transmitted as virogenes which
consistently code for either overt (ecotropic) or cryptic (xenotropic)
virus expression. Spontaneous and induced malignancies in mouse strains
with low cancer incidence and only cryptic viral expression should exhibit
tumor-host interactions characteristic of mammals in which overt oncorna-
virus expression is either rare or nonexistent (as in man).

The vaccination studies will demonstrate which types of vaccine protect
most significantly against the well-characterized murine neoplasms; thus
more difficult and expensive trials in higher animals and in man can be

concentrated on the most promising types.

Xenograft of human tumors in immunodeficient (athymic or ATS-treated) mice
is a promising tool for confirmation of malignancy and continuous
replication of tumors.

Proposed Course :

Radiation and chemical carcinogenesis experiments will be extended to new

species, especially primates, if new collaborative channels can be

established. Studies on vaccination trials with more potent immunogens
against transplantable and inducible murine cancers will be continued.
Human tumor propagation in immune-deprived rodents will be expanded.

Publications :

Price, P.J., Arnstein, P., Suk, W.A., Vernon, M.L. and Huebner, R.J.:

Type C RNA viruses of the NIH nude mouse. J. Natl. Cancer Inst . 55:

1231-1232, 1975.

Rhim, J. S., Kim, CM., Arnstein, P., Huebner, R.J., Weisburger, E.K.

and Nelson-Rees, W.A.: Transformation of human osteosarcoma cells by a

chemical carcinogen. J. Natl. Cancer Inst . 56: 1291-1294, 1975.

Rhim, J.S., Cho, H.Y., Vernon, M.L., Arnstein, P., Huebner, R.J., Gilden,
R.V. and Nelson-Rees, W.A,: Characterization of non-producer human cells
induced by Kirsten sarcoma virus. Int. J. Cancer 16: 840-849, 1975.
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Rhim, J.S., Park, D„K., Arnstein, P., Huebner, R.J. and Weisburger, E.

Transformation of human cells in culture by N-methyl-N'nitro-N-nitro-
soquanidine. Nature 256: 751-753, 1975.

I
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Project Description

Objectives :

1. Study genetic factors required for expression of transformation by tumor

viruses by obtaining and analyzing morphologic revertants of MSV nonproducer
cells which contain normal sarcoma viruses.

2. Isolation and characterization of murine sarcoma virus mutants temperature

sensitive for phenotypic expression of the transformed state.

3. Study in vivo host regulation of genetic expression of a horizontally
transmitted leukemia virus.

Methods Employed :

Standard tissue culture techniques for in vitro vjork. Animal facilities for

several hundred mice and rats and standard in vivo immunologic techniques.

Major Findings :

1. Improved methods for isolation and selection of MSV nonproducer cell

revertants have led to the isolation of several additional revertant clones.

2. Methods are being developed for selection of temperature sensitive
murine sarcoma virus mutants.

Significance to Biomedical Research and to the Program of the Institute :

Analysis of the viral and cellular functions involved in expression of MSV

transformation should increase our knowledge of the mechanism of action of

this oncogenic virus. Studies of the immunologic effects of type C virus

production on tumor cell growth may lead to methods by which to prevent and/or

control virus-induced tumors.

Proposed Course :

Genetic experiments with MSV nonproducer flat revertants to establish the

number of genetic factors required for transformation.

Publications :

Greenberger, J. S., Bensinger, W. I. and Aaronson, S. A.: Selected techniques

for the isolation of morphologic revertants of sarcoma virus transformed cells.

Methods in Cell Biology (in press).
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The goals of this project are to elucidate the mechanisms of action of tumor

viruses and to search for evidence of tumor viruses in humans with the eventual

aim of developing rational approaches to prevention of human cancer . Topics of

present interest include 1) the biology of endogenous type-C RNA viruses ,

2) the molecular biology of type-C virus replication and RNA tumor virus

transformation , and 3) the application of knowledge gained from these studies

to the search for tumor viruses of humans.
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Project Description

Objectives :

1. To study the mechanisms of action of RNA and DNA-containing tumor viruses.

2. To apply knowledge gained from experimental systems to search for a viral

etiology to human neoplasia and to develop rational approaches to prevention
and treatment of human tumors.

Methods Employed :

Standard and developmental techniques in virology, cell biology, immunology,

and biochemistry.

Major Findings :

1. BALB/c mouse cells have been shown to contain genetic information coding

for at least three different endogenous viruses. These viruses are
distinguishable in their host ranges and serologic properties as well as in

the type-specific antigenic determinants of several of their structural
polypeptides. Halogenated pyrimidines induce two of these viruses from BALB/c
mouse cells as well as from cells of many other inbred strains. In contrast,
inhibitors of protein synthesis specifically activate one of these viruses.

A third class of virus, whose viral polypeptides are expressed at high levels

in BALB/c and embryo cells in the absence of virus release, is not inducible
by either drug. Thus, different endogenous viruses are specifically
regulated by the same cell. These findings have been extended to the study of

a large number of inbred mouse strains. Many, like BALB/c, contain informa-
tion for these same three viruses. Some, including the NIH Swiss and NZB

strains, appear to contain information coding for only the third class of

virus. The SWR/J inbred strain also expresses antigens in the absence of

detectable virus release of this third virus class. Recent studies
demonstrate that SWR/J mouse cells in tissue culture can be chemically-induced

to release an endogenous B-tropic type C RNA virus, providing the first

demonstration of the direct inducibility from mouse cells of this host range

variant.

2. In studies of the regulation of endogenous type C viruses of mouse cells,

cycloheximide- and iododeoxyuridine-mediated type C virus induction were each

shown to be enhanced by exposure to glucocorticoid hormones. Unlike known

inducers which inhibit type C RNA virus release by exogenously-infected cells,
steroids augment chronic type C virus production. These findings indicate
that the mechanism of action of inhibitors of protein synthesis and

halogenated pyrimidines involve the virus activation process while steroids
enhance, rather than initiate virus synthesis. The metabolic requirements for
virus activation by inhibitors of protein synthesis and halogenated pyrimi-
dines were shown to differ. The former was highly sensitive to inhibition of
RNA synthesis, while the latter was blocked by inhibition of DNA synthesis.
Both drugs were effective on cells in the stationary phase of growth, arguing
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that cell division was not a requirement for virus activation by either
chemical. Finally, cells were maximumly sensitive to the action of both
inducers at different times in the cell cycle. These results support the
concept that the actions of inhibitors of protein synthesis and halogenated
pyrimi dines involve different mechanisms.

3. In the continuing search for agents that derepress cellular control over
endogenous viruses, it was shown that 1 ipopolysacchride (LPS), a component of
certain bacteria, is a specific and highly efficient inducer of xenotropic
endogenous virus from BALB/c spleen cells. Other mitogens such as PHA,
pcly-I, and dextran sulphate, though active at inducing blastogenesis, were
completely inactive at inducing type C virus under the same conditions. The
evidence indicates that the lipid A portion of LPS rather than the
polysacchride component is the active moiety necessary for virus release and
that the activation of virus by LPS occurs primarily as a result of LPS action
on the B lymphocyte. These findings, in addition to the lack of virus release
by LPS-treated fibroblasts argue strongly for an effect of the differentiated
state of the cell on endogenous type C virus regulation.

4. In studies performed in collaboration with Dr. Berge Hampar, NCI,
UV-inactivated herpes simplex virus (HSV) was demonstrated to induce a

xenotropic endogenous virus from BALB/c mouse embryo cells. That this was a

specific effect of HSV was demonstrated by copurification of the virus-inducing
activity with HSV, and by removal of this activity by neutralization of HSV.
Moreover, the virus-inducing activity was sensitive to prolonged UV exposure
to the virus. Type C virus release was transient, lasting only around 24
hours subsequent to HSV exposure. These results provide the first demonstra-
tion of an interaction of an unrelated virus with an endogenous virus.

5. Previous studies of the regulation of an endogenous type C virus of avian
cells have indicated that certain genetically-defined chick embryo cells
release endogenous type C virus, while others show very low levels of virus
expression. A third group of chick embryo cells expresses group-specific
antigens of the endogenous virus and contains so-called chick-helper factor,
which complements replication of defective avian sarcoma viruses. Analysis of
the expression of specific avian type C viral polypeptides by these different
cell types indicates that helper factor-positive cells express relatively high
levels of avian virus p27 and pl9 in the absence of detectable pl5. In

contrast, mairanalian cells nonproductively transformed by avian sarcoma virus
express all three antigens at levels proportional to those observed within
intact virus. These findings indicate that helper factor-positive chicken
cells may be "blocked in virus expression at a late step having to do with
production of one avian type C viral structural polypeptide, pl5.

I

6. In investigations aimed at elucidating the biologic functions of endoge-
nous viruses, it was shown that mouse cell -tropic viruses, induced from either
C58 or BALB/c mouse cells, led to the development of diseases associated with
splenomegly and lymphadenopathy when inoculated into newborn NIH Swiss mice.
The disease induced by C58-MuLV was histopathologically diagnosed as
lymphoblastic leukemia and was highly malignant following transplantation into
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newborn mice. The histopathologic appearance of spleens from BALB/c virus-

affected animals was distinguishable, demonstrating instead myeloid metaplasia

or myelogenous leukemia. Thus, the evidence indicates that endogenous mouse

type C viruses, even those that are closely-related, can induce distinct

diseases in the same mouse strain. Further, they strongly implicate the mouse

cell-tropic endogenous virus of C58 cells as a major factor in the development

of lymphoblastic leukemia that occurs at high frequency in that strain.

In other studies performed in collaboration with Dr. Gary Kelloff, NCI,

natural tumor incidence and type C virus expression were compared in NIH Swiss

and BALB/c mice. Previous studies have shown that BALB/c mice have a moderate

incidence of lymphoreticular tumors containing infectious mouse cell -tropic

virus. A second class of lymphoreticular tumors was found to occur with

approximately the same frequencies in both BALB/c and NIH Swiss strains.

Infectious virus could not be isolated from these tumors, but they contained

antigens of a comnon xenotropic endogenous virus. These antigens were also

found in normal hemopoietic tissue as well. Since NIH Swiss mice lack

detectable evidence of either a mouse cell -tropic endogenous virus or a

xenotropic virus inducible by halogenated pyrimidines or inhibitors of protein

synthesis, these two viruses can be excluded as causes of tumors detected

in the NIH Swiss strailn.

7 A genetic approach to the study of RNA tumor viruses has led to the

isolation of a large number of conditional lethal mutants of the Rauscher and

Kirsten strains of MuLV. These have been characterized physiologically into

three classes, each of which is defective in replication steps subsequent to

absorption and penetration. The first class of mutants enters the cells but

failed to integrate at the nonpermissive temperature. Among these mutants,

one virus has been demonstrated to possess a temperature-labile reverse

transcriptase. Since sarcoma virus pseudotypes of this virus are defective

for initiation of transformation at the nonpermissive temperature, the

evidence indicates that the type-C helper virus provides its reverse

transcriptase as well as its envelope to the defective sarcoma virus genome.

The second class of mutants produces viral antigens but not complete virus at

the nonpermissive temperature. Analysis of the size distribution of viral

polypeptides of 30,000 and 12,000 MW in extracts of cells infected with two

ts mutants of this class at the nonpermissive temperature revealed a marked

accumulation of both antigens in a size region corresponding to 70,000 MW.

The precursor was partially purified and shown to contain 15,000 as well as

30,000 and 12,000 MW polypeptides in relative concentration similar to those

found in purified virions. Thus, these mutants are blocked at the

nonpermissive temperature in cleavage of a precursor involved in type C virus

replication.

The third class of mutants releases virus at the nonpermissive temperature,

but these virions are noninfectious at either permissive or nonpermissive

temperatures on subsequent infection. Genetic recombination between different

pairs of mutants has been demonstrated. The recombinants were shown to grow

equally well at the permissive and nonpermissive temperatures and to have

serologic characteristics of the wild type parental virus. Finally, in tests
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of the ijx vivo biologic activities of the parental wild-type R-MuLV clone and
of several conditional lethal mutants, the parental virus was shown to induce
a rapidly developing lymphoid leukemia in a high percentage of NIH Swiss mice
inoculated as newborns. Mice inoculated in parallel with ts mutant viruses
showed no evidence of disease.

8. Morphologic revertants of sarcoma virus transformed nonproducers cells
have been isolated in large number. These clonal lines show normal cell \

morphology. The evidence indicates that some revertants are due to mutations
of the sarcoma virus present within the cells. These revertants contain
sarcoma viral RNA quantitatively and qualitatively indistinguishable from that
present in the parental transformed clone. Revertants containing sarcoma
viral gene mutations are being used in complementation studies to determine
the number of functions involved in sarcoma virus transformation. Additional
cellular revertants have been obtained, some of which appear to have lost the
sarcoma viral genome. In addition, one revertant appears to be altered in a

cellular function necessary for expression of transformation. This revertant
is resistant to superinfection by exogenous sarcoma virus of the same type but

is susceptible to transformation by unrelated sarcoma viruses. The elucida-
tion of the cellular and viral functions involved in the expression of sarcoma
virus transformation should lead to better understanding of the
virus-transformed state.

9. The MSV transformed nonproducer cell has been of particular interest
because it provides a model system with many apparent similarities to human m
tumor cells. Nonproducer cells lack detectable transplantation antigens. In ^
contrast, the RNA virus-producing cells and DNA virus transformed cells are
both highly antigenic. In previous studies performed in collaboration with
Dr. Roscoe Brady and Dr. Peter Fishman, NIH, it has been shown that the
ganglioside composition of MSV transformed cells is drastically altered
compared to nontransformed parental cells. The transformed cells are unable
to synthesize the mono- and disialogangliosides, GMl and GDIA, due to the
complete absence of a specific galactosyl transferase. In continued investi-
gation, the membrane glycoconjugates from mouse cells transformed by murine
(KiMSV) and primate sarcoma viruses (WSV) were compared. In contrast to the
striking alterations in the membrane biochemistry of KiMSV-transformed
BALB/3T3 cells, cells transformed by WSV showed ganglioside composition,
galactosyl transferase activity, and glycopeptide patterns very similar to
normal BALB/3T3. Thus, the membrane changes associated with transformation
by one mammalian sarcoma virus differ markedly from those of another sarcoma
virus.

10. Cell lines transformed by WSV were analyzed for expression of woolly ^^
monkey helper viral structural polypeptides. Several lines were shown to ^
produce high levels of both p30 and pl2, whereas gp70 was not detectable in
the same cells. Another transformed clone produced only pi 2, and still
another contained no detectable helper viral antigens. The properties of each
sarcoma virus bred true upon transmission to new cells, indicating that each
variant represents a distinct genotype. The in vitro growth properties and
oncogenicity of each class of WSV-transformed cell were indistinguishable,
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indicating that transformation by WSV occurs independently of the expression
of at least three helper viral polypeptides. The patterns of antigen
expression associated with these different sarcoma viruses, suggests an

ordering of the WSV genome with transforming functions most closely approxi-
mating pi 2 and then p30 structural polypeptides.

11. Highly sensitive and specific radioimmunologic techniques have been

developed for several type C viral polypeptides of a large number of mammalian
and avian type C RNA viruses. Polypeptides for which immunoassays have been

developed include pSO, pl2, pl5 and gp70. Each of these polypeptides has

been shown to possess a range of antigenic determinants that vary in their
degree of cross-reactivity with viruses of the same species and of other
species. Inmunoassays that detect the type-specific antigenic determinants
of type C viral polypeptides are \/ery useful in identifying new type C virus

isolates. It has been possible to show by these immunologic techniques that

a type C virus isolated by Gallagher and Gallo from tissue culture cells of a

patient with AML contains two viruses, one indistinguishable immunologically
and biochemically from the woolly monkey type C virus and the second
indistinguishable from an endogenous virus of one species of baboon. The
immunoassays utilized in these tests readily distinguish the woolly monkey
virus from otherwise very closely-related type C virus isolates of gibbon

apes. Moreover, these tests distinguish closely-related endogenous viruses

of two different baboon species from each other. The further application of
these techniques in any comprehensive characterization of a new type C virus

should make it possible to determine whether the new type C virus is identical

to or different from any known mammalian type C virus.

12. It has been possible to purify from several different species including
two old world primates, antigenic reactivity with molecular weight and
immunologic properties similar to those of known endogenous type C viruses.

These techniques involve up to a 100-fold purification of each antigen. With

rhesus monkey tissues, viral p30, closely related to that of an endogenous
baboon type C virus, was purified and antigenically characterized even though

type C virus has not yet been isolated from the rhesus monkey. These purifi-

cation techniques have been applied to the search for evidence of antigens

related to those of the woolly monkey and gibbon ape type C viruses in human

tissues. In an extensive survey of human tissues, antigenic reactivity like

that of the woolly monkey type C virus was not detectable. The fact that

relatively crude extracts of several human tissues showed nonspecific
reactivity raises caution regarding previous claims of the detection of type C

viral antigens in human cells.

13. By use of radioimmunoassays for type C viral polypeptides, it has been
possible to show that in species such as the gibbon ape and the cat, in which
horizontally-transmitted type C viruses are causative of cancer, infected
animals contain high-titered antibodies capable of precipitating radio-
iodinated type C viral polypeptides. These serologic techniques are
highly-sensitive and of great potential in screening human sera for antibodies
cross-reactive with any known type C virus. In studies to date, there has

been no detectable reactivity in a large number of human sera tested against
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either the p30 or gp70 of the woolly monkey type C virus. These findings "

argue that this virus is not a common infectious agent of man.

14. A large number of human tumors have been processed and additional human
tumor cell lines have been established in culture. A comparison v^as made of
the surface features of several different human tumor cell lines by scanning
and transmission electron microscopy. The cytoskeleton of normal fibroblasts ^
was shown to be well -organized with parallel orientation of microfilaments, i
filaments, and microtubules. While these structures were also present in

tumor cells, they lacked the degree of organization observed with fibroblasts.
By scanning electron microscopy, normal human fibroblasts lacked extensive
surface modification, while each of the tumor cells examined showed a striking
degree of surface activity with numerous microfili, filopodia, blebs, and
ruffles. Intercellular communications were also prominent features in cul-
tures of most solid tumors observed by scanning electron microscopy. These
studies provide the first correlative scanning and transmission electron
microscopic analysis of solid tumor cells of diverse pathologic types
cultivated in tissue culture. Human tumor cell lines developed in culture
are being extensively investigated for evidence of tumor virus expression
using techniques developed from work in model systems.

15. Attempts to establish continuous cultures of myeloid cells have led to
the establishment of rat myeloid tumor cells in culture. One line produces
several myeloid enzymes including peroxidase, esterase, alkaline phosphatase,
and lysozyme, and another produces only lysozyme. These findings argue that ^
the two cell lines are blocked at different stages of myeloid cell ^
differentiation. Attempts are currently in progress to establish cell lines
in culture from human myeloid malignancies, so that attempts can be made to
activate type C virus from such cells.

Significance to Biomedical Research and the Program of the Institute :

The systems that are being intensively investigated have provided a much
better understanding of the biology and biochemistry of viral transformation.
It is felt that a clear understanding of these phenomena will significantly
speed progress in the search for a viral etiology of human cancer.

Proposed Course :

To continue research already in progress in the following major areas:
(1) mechanisms of action of murine sarcoma and murine leukemia viruses;
(2) induction and regulation of type C viruses in virus-negative cells;
(3) determination of the role of viruses in human neoplasia; and (4) to .

develop new research areas in model systems that pertain to human disease. i
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Project Description

Objectives :

1. To continue development of sensitive and specific assays for viral
proteins.

2. To biociiemically characterize temperature sensitive mutants of murine
leukemia virus in order to understand the mechanism of replication of
mammalian type C viruses.

3. To biochemically characterize new isolates of reverse transcriptase-
containing viruses from humans and other mammalian species.

4. To study the cellular regulation of the expression of the type C viral

genome by using molecular hybridization techniques.

5. To determine the involvement of reverse transcriptase-containing viruses
in cancers of primates.

Methods Employed :

Standard biochemical techniques for protein and nucleic acid isolation and
analysis; assays for enzymes of nucleic acid synthesis and degradation;
radioimmunoassays for qualitative and quantitative characterization of tumor
viruses and their proteins; molecular hybridization techniques using single-
strand specific nuclease and hydroxyapatite chromotography to detect viral

genomes and to determine the genetic relationships between mammalian RNA tumor
viruses.

Major Findings :

1. Studies of a ts mutant defective in an early replication step revealed
that the reverse transcriptase of this mutant (ts29) was thermolabile with
respect to the wild type (wt) enzyme. In contrast, the DNA polymerase
activities of two other mutants were no more thermolabile than that of the
wt. All the early mutants have been shown to be defective in providing helper
functions to the murine sarcoma virus (MSV) genome. Therefore, the above
results suggest that early leukemia viral functions other than the reverse
transcriptase are required for infection by MSV. In collaborative studies with
Dr. I. M. Verma, the RNaseH activity of ts29 was also found to be more heat
labile than the activity of the wt enzyme. The levels of virus specific
nucleic acids synthesized at the nonpermissive temperature by ts29 and other
ts mutants are being determined by molecular hybridization techniques.
Temperature-sensitive (ts) mutants of Rauscher-MuLV defective in late replica-
tion steps were found to accumulate at the nonpermissive temperature, a 70,000

dalton polypeptide containing antigenic determinants of the p30, pi 5, and pi

2

polypeptides. Upon shift down to the permissive temperature in the presence
of a protein synthesis inhibitor, the 70,000 dalton polypeptide was converted
to p30, pl5, and pl2.
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2. Competition radioimmunoassays have been developed for the p26 and pi

5

polypeptides of the Mason-Pfizer monkey virus (MP-MV). Studies are in

progress to attempt to detect flP-MV p26 and pi 5 in human tumor extracts using
purification techniques previously developed to isolate type C viral
polypeptides from virus non-producing cells. In addition, the ^25i_iabe]]ed
p26 and pi 5 are being used in attempts to detect immunological responses of
humans to MP-MV.

3. The presence of the type C viral protein pi 2 was detected in normal cells
of many inbred mouse strains. After partial purification, the antigenic
specificity of the pl2 was found to be identical to that of the pl2 isolated
from the NIH and NZB type C viruses (Class III). Thus, the genome of the
Class III type C mouse virus is widely distributed among inbred mouse strains.

4. Clonal isolates of cells non-productively transformed by the woolly monkey
sarcoma virus were examined using radioimmunoassays for the woolly monkey
leukemia viral structural proteins gp70, p30, and pl2. One clone produced both
p30 and pl2. pl2 only was detected in another clone, and in an additional
clone, viral proteins could not be detected. gp70 was not detected in any of
the clones. These results provide information regarding the ordering of the
genes for leukemia viral proteins with respect to the gene(s) responsible for
transformation.

5. Highly sensitive and specific radioimmunoassays for the structural
polypeptides of type C RNA viruses have been utilized to examine type C viruses
isolated by other laboratories from human cell cultures. An isolate from cells
of a patient with AML was shown to consist of two viruses, one indistinguish-
able from the woolly monkey type C virus, and one indistinguishable from an
endogenous virus of a baboon species. The immunoassays used in these tests
readily differentiate between otherwise wery closely related type C virus
isolates. These tests should make it possible to determine whether a newly
isolated type C virus is either unique or identical to known mammalian type C

viruses.

Significance to Biomedical Research and the Program of the Institute :

The availability of highly specific and sensitive immunological assays for
purified viral polypeptides has become increasingly important in view of
recent reports of Mason-Pfizer-like and type C viruses in human tumor cells.
These immunoassays will be of value in studying the epidemiology of the
diseases with which these viruses are associated.

Assays for viral structural proteins, and nucleic acids also aid in the study
of the mode of replication and cellular regulation of type C viruses, and
should help in understanding the molecular basis for malignant transformation
of mammalian cells by these viruses.

Proposed Course :

Temperature sensitive leukemia virus mutants will be studied in greater detail
in order to determine the nature of functions in addition to the reverse
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transcriptase that are involved in the replication of these viruses. Studies

to assess the role of MP-MV in human cancer will be continued. Molecular

hybridization techniques will be used to study the genetics and cellular

regulation of type C viruses.
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Project Description

Objectives :

To study the mechanisms of replication and transformation by type C RNA

viruses, investigate cellular regulatory controls influencing expression of

endogenous type C viruses and determine the role of these viruses in human
neoplasia.

Methods Employed :

1. Biochemical and immunologic techniques for isolation and analysis of
viral structural polypeptides: radioimmunoassays for polypeptides of
different classes of mammalian type C RNA viruses.

2. Standard tissue culture procedures, including XC plaque assays for

leukemia virus and focus forming assays for sarcoma virus.

Major Findings :

1. The distribution of different classes of biologically type C RNA viruses

among inbred mouse strains was investigated. The majority of strains tested

contained two distinct viruses inducible by halogenated pyrimidines. These
viruses were distinguishable both on the basis of their host range character-
istics and the immunologic reactivities of their 12,000 molecular weight

polypeptides and 70,000 molecular weight glycoproteins. Three strains

tested, NIH Swiss, SWR and NZB, lacked detectable levels of either IdU-

inducible virus. All strains examined, including those from which endogenous

viruses were not chemically induced, expressed low levels of type C viral

polypeptides of molecular weight, 12,000, 30,000 and 70,000. Isolation and

characterization of these polypeptides from virus-negative cells of each

strain revealed them to be antigenically like those of a third class of

endogenous virus. The fact that expression of the third class of virus was

invariably detected in mouse strains of wide geographic origin, while the

other two viruses exhibited a more limited distribution, suggests that this

latter virus has existed within the mouse genome for the longest time.

2. In studies of host cell regulation of endogenous type C virus expression,

cycloheximide, an inhibitor of protein synthesis, was found to activate
xenotropic virus with an efficiency similar to that exhibited by

iododeoxyuride. In contrast, NIH Swiss-tropic endogenous viruses were much

more resistant to activation by cycloheximide. Steroids, possessing
glucocorticoid activity enhanced virus release by cells exposed to either
class of inducers. Unlike halogenated pyrimidines, which inhibited type C

virus release by exogenously-infected cells, steroids augmented chronic
virus production. Thus, in contrast to the inducing agents, steroids appear
to enhance, rather than initiate virus synthesis.

3. Embryo cells of the inbred SWR/J mouse strain, which lack chemically-
inducible NIH Swiss-tropic or xenotropic virus, have been shown to be
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inducible by iodeoxyuridine to release a virus that preferentially grows in

BALB/c mouse cells. The inducibility of this virus from clonal lines of
SWR/J cells establishes the presence of an endogenous B-tropic virus within
all cells of the SWR/J strain.

4. Lipopolysaccharide, a B-cell mitogen, was shown to efficiently induce an
endogenous xenotropic type C RNA virus from spleen cells of several strains
of inbred mice. The evidence indicates that virus induction by lipopoly-
saccharide primarily involves an action on "B" lymphocytes. In contrast,
lipopolysaccharide had little or no effect on virus release by "T"

lymphocytes, macrophages, or fibroblasts. These findings indicate that the
differential state of the cell is an important determinant of endogenous
type C virus regulation.

5. Radioimmunoassays developed for the major structural polypeptides of
avian tumor viruses have been utilized to study host cell regulation of
endogenous avian type C RNA viruses. Previously identified, virus-negative,
'•gs"-positive, chicken embryos were shown to express high levels of 27,000
and 19,000 molecular weight polypeptides in the absence of detectable levels
of an avian type C viral structural polypeptide of 15,000 molecular weight.

6. Two separate temperature-sensitive (ts) replication mutants of Rauscher
murine leukemia virus were shown to express viral antigens at 39° in the
absence of complete virus. Analysis of the size distribution of viral

polypeptides of molecular weight 30,000 and 12,000 daltons in ts mutant
infected cells indicates that the replication defects of these mutants
involves a block to cleavage of a 70,000 molecular weight precursor
polypeptide.

7. Cell lines transformed by woolly monkey sarcoma virus (WSV) in the
absence of infectious virus production were analyzed for the expression of
woolly monkey helper viral antigens. Several lines produced high levels of
the 30,000 and 12,000 molecular weight antigens in the absence of detectable
levels of the 70,000 molecular weight glycoprotein. One transformed clone
expressed only the 12,000 molecular weight polypeptide, and in another cell

line, none of these three helper viral antigens were detected. The
properties of each sarcoma virus bred true upon transmission, indicating that
each variant represents a distinct genotype. The evidence indicates that
WSV-transformed clones of this nature may provide an approach to sequencing
genes coding for different polypeptides within the type C viral genome.

3. Immunoassays have been developed for the 15,000 and 30,000 molecular weight
polypeptides of an endogenous type C RNA virus of the Papio cynocephalus baboon
and a closely related virus isolate of cats, RDn4. The much more pronounced
type-specific determinants of the 15,000 molecular weight polypeptides made
it possible to readily differentiate these viruses from each other as well
as from a type C virus isolate from a second species of baboon, P\_ hamadryas .

A recent virus isolate of human AML cells (AS virus) was shown to contain,
in addition to a virus of the woolly monkey/gibbon ape group, a virus which
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was indistinguishable fron the P. cynocQphalus baboon virus by these
assays.

9. Several recent virus isolates of human cells of the woolly monkey/gibbon
ape virus group have been immunologically analyzed. By use of type-specific
immunoassays for their 12,000 and 70,000 molecular weight polypeptides, each
was indistinguishable from the original woolly monkey virus. Attempts to

detect woolly monkey viral antigens in human tissues, or antibodies against
structural polypeptides of these viruses in human sera were unsuccessful. In

contrast, it was possible to demonstrate both viral antigens in tissues and

antibodies reactive with viral components in several animal and even primate
model systems. Further, no evidence for spontaneous or chemically-induced
viruses of this group was found in more than 200 individual cultures of human
origin examined. These findings argue against the likelihood that viruses
closely related to the woolly monkey virus are infectious viruses of humans
or are etiologically-associated with human neoplasia.

Significance to Biomedical Research and the Program of the Institute :

An understanding of the genetic regulatory factors influencing expression of
endogenous viruses of mouse cells should provide methods for analysis of
type C viruses of primates and be of value in determining the role of such
viruses in the etiology of natural tumors. The availability of highly sensi-
tive and specific immunoassays for viral structural polypeptides will be of

value in the analysis of primate tissues for virus expression and for the

characterization of new type C virus isolates of potential human origin.

Proposed Course :

To further examine cellular regulatory controls influencing endogenous type C

virus expression of mammalian cells, including those of primate origin, and

to study the involvement of type C RNA viruses in natural tumors of different
mammalian species.

Publications :

Greenberger, J. S., Stephenson, J. R. and Aaronson, S. A.: Temperature
sensitive mutants of murine leukemia virus: V. Impaired leukemogenic
activity in vivo . Int. J. Cancer 15: 1009-1015,1975.

Greenberger, J. S. , Phillips, S. M. , Stephenson, J. R. and Aaronson, S. A.:

Induction of mouse type C RNA virus by 1 ipopolysaccharides and concanavalin A.

J. Immunol . 115: 317-320, 1975.

Stephenson, J. R. , Reynolds, R. K. , Tronick, S. R. and Aaronson, S. A.:

Distribution of three classes of endogenous type C RNA viruses among inbred
strains of mice. Virology 67: 404-414, 1975.

Dunn, C. Y. , Aaronson, S. A. and Stephenson, J. R. : Interactions of chemical
inducers and steroid enhancers of endogenous mouse type C RNA viruses.
Virology 66: 579-588,1975.
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Stephenson, J. R. , Smith, E. J., Crittenden, L. B. and Aaronson, S. A.:
Analysis of antigenic determinants of structural polypeptides of avian
type C RNA tumor viruses. J. Virol. 16: 27-33, 1975.

riino, S., Stephenson, J. R. and Aaronson, S. A.: Antigenic determinants of
the 70,000 molecular weight glycoprotein of woolly monkey type C RNA virus.
J. Immunol . 115: 922-927, 1975.

Tronick, S. R. , Stephenson, J. R. , Verma, I. M. and Aaronson, S. A.: A
thermolabile reverse transcriptase of a mammalian leukemia virus mutant
temperature-sensitive in its replication and sarcoma virus helper
functions. J. Virol . 16: 1560-1565, 1975.

Aaronson, S. A., Stephenson, J. R. , Hino, S. and Tronick, S. R.:

Differential expression of helper viral structural polypeptides in cells
transformed by clonal isolates of woolly monkey sarcoma virus. J. Virol . 16:

1117-1123, 1975.

Stephenson, J. R., Tronick, S. R. and Aaronson, S. A.: Murine leukemia
virus mutants with temperature sensitive defects in precursor polypeptide
cleavage. Cell 6: 543-548,1975.

Stephenson, J. R. , Reynolds, R. K. and Aaronson, S. A.: Comparisons of the
immunologic properties of two structural polypeptides of type C RNA viruses
endogenous to old world monkeys. J. Virol . 17: 374-384, 1976.

Smith, E. J., Stephenson, J. R., Crittenden, L. B. and Aaronson, S. A.:
Avian leukosis-sarcoma virus gene expression: noncoordinate control of
group-specific antigens in virus-negative avian cells. Virology (in press).

Kelloff, G. J., Peters, R. L. , Donahoe, R. M., Stephenson, J. R. and
Aaronson, S. A.: Natural occurrence of tumors in mouse strains differing
in their xenotropic and ecotropic endogenous viruses. J. Natl . Cancer Inst ,

(in press).

Phillips, S. M., Stephenson, J. R. , Greenberger, J. S., Lane, P. F. and
Aaronson, S. A.: Induction of a type C RNA virus by 1 ipopolysaccharide:
activity in lipid-A portion upon T and B lymphocytes. J. Immunol . (in

press).

Aaronson, S. A. and Stephenson, J. R. : Intracellular and systemic regula-
tion of biologically distinguishable type C RNA viruses of mouse cells. In

Hanna, M. G. and Rapp, F. (Eds.): Contemporary Topics in Immunobiology .

New York, N. Y., Plenum Publishing Corporation 6 (in press).

Stephenson, J. R. and Aaronson, S. A.: Induction of an endogenous B-tropic
type C RNA virus from SHR/J mouse embryo cells in tissue culture. Virology
(in press).

Okabe, H., Gilden, R. V., Hatanaka, M. Stephenson, J. R. , Gallagher, R. C,
Tronick, S. R. and Aaronson, S. A.: Immunologic and biochemical
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characterization of type C virus isolates from cultured human AML cells.
Nature (in press).

Aaronson, S. A. and Stephenson, J. R. : Endogenous type C RNA viruses of
mammalian cells. Biochimica et Biophysica Acta: Reviews on Cancer (in

press).

Tronick, S. R. , Stephenson, J. R. , Verma, I. M. and Aaronson, S. A. : A
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Biology (in press).
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type C RNA viruses of mouse cells: A model for the study of gene
regulation in eukaryotes. Proc. Seventh Inter. Symp. on Modified Cellular
Controls in Neoplasia (in press).

Stephenson, J. R. and Aaronson, S. A.: Search for antigens and antibodies
cross-reactive with type C viruses of the woolly monkey and gibbon ape in

animal models and in humans. Proc. Natl . Acad. Sci . (in press).
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A sensitive biochemical test system for the determination of

proteins and isoenzymes has been evaluated and applied in both animal

models and human subjects. This is for the purpose of a) the study of

metabolism alterations during the various phases of the malignant process ,

and b) the early detection of biochemical abnormalities, due to

malignancies, before the observation of morphological changes and the

manifestation of clinical symptoms.
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Project Description

Objectives:

To develop sensitive biochemical tests for the early detection of
biochemical abnormalities before manifestation of morphological
alterations and clinical symptoms due to malignancies.

To apply this system of specialized tests in animal test models and
human studies, to gain information on the biochemical changes
occurring during the various phases of the malignant process leading
to recovery (development-remission-recovery) or death (development-
exacerbation-death).

Methods Employed:

A biochemical test system of profile and chemical analysis of the
major tissue and serum constituents: proteins, lipoproteins, and
isoenzymes, developed by the principle investigator, is being evaluated,
modified and applied for the determination of these constitutents in

sera of mice and guinea pigs and in human serum and breast fluid as

follows:

a/ MICE

Determining proteins by electrophoresis and immunoglobulins by immuno-
electrophoresis and radial immunodiffusion in the sera of syngeneic
and allogenic mice after MBL-2 inoculation (Moloney leukemia virus
induced tumor).

b/ GUINEA PIGS

A transplantable virus associated mouse leukemia in strain 2 guinea
pigs has been utilized as a test model to determine the serum
proteins, immuroglobulinsr and lactate dehydrogenase isoenzymes in order
to study the biochemical changes occurring during the developmental phase

of leukemia and during the remission period after the administration of

drugs.

c/ HUMAN

1/ Determination of proteins, immunoglobulins, lipoproteins and
isoenzymes in serum of patients with colorectal carcinoma and control
subjects is performed as part of the overall project "adjuvant therapy
in colon carcinoma" in order to gain additional information on

biochemical abnormalities existing before surgery, after the removal

of the tumor, and after the administration of immunostimulating agents.
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2/ A nipple aspiration technique has been used to obtain breast
fluids for biochemical examination. The above mentioned tests
have been appropriately modified for the determination of proteins,

lipoproteins and isoenzymes in fluids from control individuals and
patients with malignant tumors and benign breast growths.

Major Findings:

During the first six months, a biochemical laboratory has been

organized, equipment has been assembled, and the tests have been

modified and standardized for the accomplishment of the above
objectives.

Significance to Biomedical Research and the Program of the Institute:

Metabolic alteration due to malignant transformation of cells are

often manifested by biochemical abnormalities which can be detected
by sensitive tests. The determination of cell constituents in body

fluids is important for the study of the malignant process during

its various phases; it may also reveal specific biochemical markers
which may be of great value for early diagnosis, for more precise
diagnosis, for prognosis, and for monitoring therapy.

Publications:

•

1) Papadopoulos, N.M.: Another view on lipoprotein electrophoresis,
Clin. Chem. 21: 2004-2008,1975.

2) Papadopoulos, N.M., : Clinical applications of LD- isoenzymes.
Bull. Isoenzymes . (In press, 1976).

f
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SUMMARY OF WORK (200 words or less - underline keywords)

The quantitative response of the T-rosette assay depends on how

rapidly the lymphocytes are prepared from freshly drawn blood. Values

decrease by approximately 50 percent if blood is held for 24 hours.

Macrophage harvested from mice carrying the syngeneic Madison lung

carcinoma are cytocidal for this tumor when tested in vitro. Macrophage

cytocidal activity decreases when harvested from mice bearing large tumors .
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Project Description

Objectives;

1) By in vitro and in vivo methods, define which cellular or soluble
elements are responding to agents shown to modulate host immunity.

2) To judiciously select agents which act as modulators of the immune
system, and test their Efficacy as adjuvants in vaccine trials,

3) To elucidate a possible biochemical mechanism of action for immune
modulators by studying their interactions with cellular prostaglandins,
cAMP-cGMP and DNA derepression.

Methods Employed:

A. Standard in vitro immunological methods will be employed for the
detection of humoral antibody response.

B. Methods for the detection of cellular antibody response include:

1. ^^Cr release
2. E-rosette assay
3. EAC-rosette assay
4. Micro-colony inhibition assay

C. Developmental methods

Membrane antigens will be extracted from selected tissue culture
cell lines and will be purified by 3MKC1 extract, ammonium
sulfate fractionation, and purification through molecular sieve
and ion exchange columns. Further purification, if warranted,
will be effected by affinity chromatography utilizing cyanogen
bromide-activated sepharose columns.

Major Findings :

This project began in January, 1976, and much of the time has been
devoted to organizing the laboratory, assembling equipment, and tests
have been modified and standardized for the accomplishment of the above
objectives.

The efficacy of the T-rosette assay was tested and found to be

extremely time-dependent. Freshly drawn blood must be processed
immediately and lymphocytes separated and reacted within 8-10 hours
for quantitative responses to be valid.

Results from in vitro and in vivo studies with the Madison lung
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carcinoma demonstrate that adherent macrophages obtained from tumor
bearing mice are cytocidal for the tumor cells. The reactivity of the

macrophages appear to be proportional to the size of the tumor at the

time the macrophages are harvested.

Significance to Biomedical Research and the Program of the Institute:

Use of adjuvants such as BCG and Cornyebacterium parvum have been
regarded to be beneficial as adjuvants when used in combined modality
treatment of human cancer. Chemicals such as Levamisole and pyran
copolymer, if proven to be effective adjuvants, would be beneficial
since they would lack the disadvantages that are inherent in

biologicals such as BCG. They can be: synthesized reproducibly;
quantitated, devoid of immunogenecity of their own; free of side
effects; and administered orally. Basic immunological and biochemical
studies must be conducted with selected active chemical agents to

elucidate their mechanisms of action and potential use in chemical trials.

Proposed Course of Study:

Preliminary studies from this and other laboratories seem to

indicate that certain in vitro assays for the detection of cellular
immune responses are exceedingly difficult to standardize and

stabilize. Part of this difficulty may be due in part to the fact
that whole tumor cells, and not fragments of tumor cells bearing
tumor-specific antigenic determinants, are being used in these assays.

For this reason, it is proposed to isolate and purify tumor antigens
in order to better study their reactivity and specificity.

Recent experimental data in the field of tumor immunology suggests

that in certain tumor systems the host also mounts a humoral antibody
response. Consequently, it is proposed to study not only the cellular
tumor immune response (as above) but to also measure circulating anti-
body levels produced in certain tumors.

Since cAMP is known to have cellular growth controlling effects,

and since prostaglandins may indirectly affect growth control through
the adenyl cyclase system to raise cAMP levels, it is proposed to study
the possible roles of prostaglandins and cAMP,cGMP regulations of
neoplastic and normal cellular growth.

Publications:

None.
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SUMMARY OF WORK (200 words or less - underline keywords)

This project has the long range goal of immunoprevention of spontaneous neoplasnis

in animal model systems that have viral and epidemiological similarities to huma n

neoplasia . To this end, past efforts have included a definition of the endogeno us

type C viruses and spontaneous tumor expressions in large holding colonies of
untreated aging mice and more recently the project has developed a number of

immunoassays to measure the host's natural and induced immune responses to

type C viruses and tumor cells , including cellular and humoral cytotoxicity ,

footpad, lymphocyte transformation, and radio-immunoassays . This project has

found that non-infectious viral and virus containing cellular vaccines can be

produced which evoke measurable immune responses in the animal and also result

in resistance and protection of the animal to challenge vi/ith high doses of

leukemogenic virus and tumor cells. Studies of the animal's immune response

potential versus aging and his endogenous ecotropic and xenotropic type C virus

expression (in his tumor cells and his immune system) will provide information
to reach the stated goals. The necessary immunoassay and viral assay techniques
are now in hand to sort out this complex issue in natural tumor systems and

establish the feasibility of these future studies and achievement of the long

''ange goals.^
.
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Project Description

Objectives:

(A) Development and utilization of assays for monitoring cell -mediated and

humoral immunity in the mouse to type C virus and type C viral antigens and

non-viral antigens in cellular vaccines prepared from syngeneic tumor cell

1 i nes

.

(B) Determination of whether type C virus vaccines or virus containing
cellular vaccines can prevent spontaneous, chemically induced, or irradiation
induced tumors in mice known to have measurable humoral and cellular respon-

siveness to the viral immunogens.

(c) Determination of the immune competence of laboratory animals with

aging and with development of naturally occurring neoplasms and how this

relates to endogenous ecotropic and xenotropic virus expression. Deter-

mination of the effect of transfer of naturally occurring neoplasms.

Methods Employed and Major Findings :

This effort has been established in January of 1976 and currently involves

establishment of a tissue culture and immunology laboratory facility capable

of performing assays involved in virus vaccine immunization studies in the

laboratory mouse. This will include xenotropic and ecotropic type C virus

isolation and titrations, neutralization assays of these two types of mouse
type C viruses, infectious center assays of these viruses from virus shedding
cell lines, and virus reverse transcriptase assays.

Tumor cell lines will be established in vitro from spontaneously occurring
tumors of the mouse. These cell lines will be characterized as to their
type C virus status and exogenously infected tumor cell lines will be

established and quantitated as to their virus status. These cell lines

will be used as target cells in serum and cell-mediated cytotoxicity studies,

as well as being used as immunogens in collaborative vaccine studies. Serum

and cell -mediated cytotoxicity assays will be established and used to evaluate
various vaccine immunization studies in the laboratory mouse.

Significance to Biomedical Research and the Program of the Institute :

The vaccine studies are designed to ultimately determine whether type C

viral vaccines and cellular vaccines can be used in the immunoprevention of
spontaneously occurring neoplasms.

Proposed Course :

Continuation of studies outlined above.

Publications :

None
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SUMMARY. OF WORK (200 words or less - underline keywords)
The aim of this project has been to achieve effective therapeutic control of
spontaneous and transplantable leukemias and lymphomas. The therapeutic measure^
encompass drug therapy, surgery, vaccines and non-specific immune stimulators
(e.g. BCG and Corynebacterium parvum ) used alone or in combination against viral
associated transplantable tumor lines. Results indicate that the use of these
"i mmunopotentiators " (i.e. £. Parvum ) to augment the immune response was capable
of demonstrating both therapeutic and prophylactic effects against a trans-
plantable guinea pig leukemia (L2C) when administered in the presence of the
immunogen. Various procedures (i.e. delayed cutaneous hypersensitivity to
soluble antigens , blastogenic responses and lymphokine production ), to determine
the extent of drug suppression in animals following chemotherapy with Cytoxan
have demonstrated significant levels of immunocompetence as early as 8 days
following drug cessation. Standard in vitro techniques have been empToyed to
monitor the immune response of treated animals to answer whether cell -mediated
and humoral immune assays can be used to determine fluctuations in the tumor
immune response of animals following treatment with~3rugs or su"rgery used alone
or in combination with immune stimulators . Attempts to demonstrate host

immunity against autochthonous tumors have met with partial success when

measuring the production of a "migration inhibition factor" (MIF).

PHS-6040
(12-75)
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Project Description

Objectives:

Over the past year, the aim of this project has been to achieve effective
therapeutic control of spontaneous and transplantable leukemias and

lymphomas. The therapeutic measures encompass drug therapy, surgery,
vaccines and non-specific immune stimulators used alone or in combination
against viral-associated transplantable tumor lines. In addition, in

vitro techniques have been employed to monitor the immune response of

treated animals to answer whether cell -mediated and humoral immune assays
can be used to determine fluctuations in the tumor immune response of
animals following treatment with drugs or surgery used alone or in

combination with immune stimulators. Any therapy leading to effective
control will be submitted for preclinical testing, evaluation and eventual

clinical trial.

Methods Employed :

1. Transplantable virus-associated gross leukemia in strain 2

guinea pigs for in vivo and in v itro studies.

2. Transplantable chemically-induced sarcoma in strain 13 guinea
pigs for in vivo and in vitro studies.

3. Transplantable mammary carcinoma in female Fischer rats for in

vivo and in vitro studies.

4. CoH/HEN mice which have a high incidence of spontaneous neoplasia
are used for in vivo and in vitro studies.

5. Surgical techniques are being applied to remove the primary tumor

at the initial site of inoculation.

6. Soluble tumor-specific antigens (TSA) are being prepared by (3M)

KCl extraction procedures to monitor delayed-type cutaneous hyper-
sensitivity responses in guinea pig tumor systems.

51
7. Migration inhibition (MIF) and Cr release cytotoxicity assays
are to be used to monitor the cell-mediated response of pre-sensitized
animals following drug suppression and/or immunotherapy.

8. A lymphocyte stimulation (LS) assay is to be used to determine the
immunologic competence and memory of lymphocytes upon exposure to

alloantigens.

9. A migration inhibition test (MIT) is to be used to monitor and detect
concentrations of serum antibody at \/ery low levels.
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Major Findings :

Over the past year, various immune stimulators have been utilized in

combination with drug therapy in order to increase the drug induced
remission period against the Lp,C guinea pig leukemia. Single or multiple
injections of BCG, Corynebacten'um parvum (Cp) or pyran copolymer, when ^
given at various times during the remission period, were found to be no flj
more effective than drug treatment alone. However, a synergistic effect
was observed when multiple injections of C . parvum and blast cells were
administered simultaneously following Cytoxan therapy.

In September 1975, immunological studies were initiated to increase the
efficacy of the combined modality approach by answering 3 questions: (1)
could one initiate a better immune response against the autologous tumor
antigen(s), (2) are drug treated animals suppressed following drug therapy
and if so for how long and (3) could in vitro immunological techniques be
employed to monitor the immune response of animals.

The use of vaccines comprising either inactivated leukemic tumor cells,
(i.e. x-irradiation or mitomycin C) alone or in combination with C. parvum
has been under investigation during the past 4 months. Studies were
directed towards determining whether one could selectively potentiate the
immune response of the host prior to receiving a viable tumor challenge.
Specifically, guinea pigs injected subcutaneously (s.c.) with 3 bi-weekly ^
courses of x-irradiated blast cells plus C. parvum were completely refractory ^
to challenge with a lethal dose of tumor cells. Treatments consisting of
a similar series of intraperitoneal injections or only a single s.c. treat-
ment were not as effective. Likewise, LpC blast cells treated with
concanavalin A, neuramidinase, combinations of complete and incomplete
Freund's adjuvant, or iodoacetate did not confer protection to the host
upon challenge. Similar attempts are currently being employed in the form
of immunotherapy against the L^C guinea pig leukemia in order to boost the
immune responsiveness to a level sufficient to deal with any existing tumor
load following intensive drug therapy. Preliminary studies are currently
under way utilizing another immunopotentiator, glucan, in combination
with blast cells to evoke an immune response.

Additional studies are in progress to measure and examine the immuno-
depressant activity of antineoplastic drugs on the immunocompetence of the
host relative to cell -mediated and humoral immune responses, tumor antigen
recognition and tumor cell destruction assays^ To determine the degree of
drug suppression in the guinea pig following two courses of Cytoxan therapy ^^
against the L^C leukemia, animals were sensitized with either DNCB or ^p
BCG prior to receiving leukemic blast cells. At various times following
Cytoxan therapy, animals were skin tested for delayed cutaneous hyper-
sensitivity reactions to the sensitizing agent and results read 24-48
hours later. Drug treated animals subjected to these conditions demonstrated
positive delayed skin reactions as early as 8 days following the last
course of drug therapy. This response remained positive up to the time ^^
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of relapse. Skin testing with soluble KCL extracts of L^C leukemic blast
cells will hopefully provide additional support to our in vivo studies
in both tumor bearing and immunized hosts.

The most commonly employed in vitro assays used to measure immune

recognition events have been the lymphocyte stimulation (LS), macrophage
migration inhibition (MIF) and the 51 Cr release cytotoxicity assays. The

application of the 51 Cr release assay to measure the level of cell mediated
immunity in both tumor bearing and immunized animals has been rather
disappointing due to a high spontaneous leak of the label from cells during

overnight assays. Surprisingly, small levels of response were noted in the

shorter 4 hour assays when measuring reactivity against alloantigens and

tumor associated antigens. However, both LS and MIF assays have recently
been applied against the L^C leukemia to study cell and humoral mediated
immunity with much success. The results at this time seem to indicate
that both the LS and MIF assays are yery sensitive measures for the

immunosuppressive activities of antineoplastic agents and the functional
activities of "T" and "B" lymphocytes. Furthermore, excellent correlation
has been observed between MIF production, blastogenic transformation to

such nitogens as phytohemagglutinin (PHA) and Con A and the tumor status
of the host In the LpC guinea pig leukemic system.

Significance to Biomedical Research and the Program of the Institute :

The current program is directed toward the treatment and control of

virus-induced and spontaneous leukemias, lymphomas and sarcomas in a

variety of animal systems. Comparisons made by the use of drugs or

surgery alone or in combination with immunostimulators and vaccines may
lead to more effective measures.

Proposed Course :

Investigations are to be initiated to study the common antigenicity among

viral, chemical and spontaneous tumors in guinea pigs.

The first phase of this new program will be attempts to amplify the presumed

common tumor antigens of the above mentioned types of tumors by selective
trernsplantation procedures. Selected tumors will be carried in guinea pigs

and sera periodically collected to assess their humoral immunity to

autologous tumor tissue. Those tumors demonstrating a significant response
to their own antisera will be subsequently utilized for continuous passage

in hopes of augmenting and perpetuating the antigenic response. Once

antigenic tumors have been obtained, based on antibody titers, the tumors
and homologous sera will be subjected to assay for antigen and antibodies
common to a variety of viral -induced, chemical and spontaneous tumors.
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Biochemical studies will also be undertaken in order to purify tumor antigens
which may be used to show the existence of common antigens among other
chemical, viral and spontaneous tumors in guinea pigs by using in vivo and
in vitro immunological techniques.

In a collaborative effort, immunotherapy studies will continue involving ^^
the LpC leukemia and a chemically-induced tumor in guinea pigs. The use of ^V
immune stimulators alone or in combination with syngeneic vaccines will be ^^'
investigated.

Publications ;

None I

•
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Project Description

Objectives :
i

1. To purify and immunologically analyze low molecular weight structural
polypeptides of mammalian type-C RNA viruses of different species, ^
2. To utilize sensitive and specific radioimmunoassays for these viral ^'
polypeptides to search for type-C virus expression in cells of different i

mammalian species including those of primate origin.
!

3. To study expression of type-C viral antigens in cell lines transformed
by sarcoma viruses which are unable to release infectious particles to

determine the molecular basis of leukemia-sarcoma virus interactions.
[

i

Methods Employed :

Biochemical fractionation procedures including ion exchange chromatography,
j

gel filtration under both denaturing and nondenaturing conditions, and gel

electrophoresis. Radioimmunoassays for purified viral structural polypep- '

tides.

Major Findings :

1. A purification method has been developed for the purification of the ^{'
15,000 molecular weight structural polypeptides Rauscher and Moloney-MuLV. ^^'
Specific radioimmunoassays have been developed to detect the type- group-
and interspecies-antigenic determinants of this polypeptide.

2. Two additional molecular weight polypeptides, plO and pl2, have been
isolated from Rauscher and Moloney-MuLV as well as from a woolly monkey
virus isolate. They show no detectable cross-contamination by a variety
of biochemical criteria. Radioimmunoassays for each of these polypeptides
are presently being developed.

Significance to Biomedical Research and the Program of the Institute :
'

Sensitive and specific immunoassays for low molecular weight polypeptides
of mammalian type-C RNA viruses should be of value in the search for type-C

,

virus expression in mammalian species from which viruses have not as yet been
isolated. In addition, an analysis of low molecular weight viral polypep-

j

tides may provide insight into cellular mechanisms of endogenous virus
regulation. (^
Proposed Course :

1. To continue studies on sarcoma transformed cell lines which express
type-C viral antigens in the absence of infectious virus in order to

,

determine the genetic arrangement of the genes for viral structural polypep-
tides. ^^

1420 I



Project No. Z01-CP-04948-01-LRTV

2. Isolation of low molecular weight polypeptides of type-C viruses of

species more closely related to humans.

3. To study low molecular weight viral polypeptide expression in a variety
of tissues including those of human origin.

Publications :

None.

I

I

I
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The major viral antigen of bovine leukemia virus was purified and its molecular
weight determined by sodium dodecyl sulfate-polyacrylamide gel electrophoresis.
The molecular weight of the viral antigen was about 24,000 daltons. Preliminary
radioimmunologic studies show that the major antigen of bovine leukemia virus
does not share common antigenic cross-reacting determinants with known type-C
and B RNA viruses .
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Project Description

Objectives :

To isolate and characterize the viral structural polypeptides of RNA tumor
viruses of bovine and feline origin and to investigate the etiologic role
of these viruses in disease of their natural hosts.

Methods Employed :

Biochemical and immunological techniques for isolation and analysis of
structural polypeptides of oncornaviruses, radioimmunoassays for detection
of viral antigens.

Major Findings :

1

.

Isolation and characterization of viral antigens from bovine leukemia
virus : Bovine leukemia offers a natural model system for epidermiological
studies. The evidence obtained to date indicates that bovine virus is not a

typical C~type RNA virus. The RNA dependent DNA polymerase of bovine
leukemia virus prefers Mg^ ions than Mn^. Further, the major structural
polypeptide of the bovine leukemia virus was shown to possess a much lower
molecular weight (24,000 daltons) than that of type-C isolates. A radio-
immunoassay has been developed for the major protein and the preliminary
results suggest that the major protein of bovine leukemia virus does not
share antigenic cross-reacting determinants with other known RNA tumor viruses,

2. Isolation and characterization of viral antigens from feline leukemia
viruses : The feline leukemia and sarcoma viruses have been classified into
subgroups A, B and C based on viral interference and neutralization tests.
Preliminary studies have been completed in an attempt to isolate and
develop type-specific immunoassays for low molecular weight polypeptides of

these viruses.

Significance to biochemical research and the program of the institute :

Studies on the isolation and development radioimmunoassays for structural
polypeptides of bovine leukemia virus should provide methods to be used in

determining the potential role of this virus in spontaneous leukemia of

cattle.

Proposed course :

The isolation and characterization of viral antigens and development of

radioimmunoassays for structural polypeptides of bovine and feline leukemia
viruses will be continued. These assays will be utilized to study the
etiologic role of these viruses in diseases in their respective hosts.

Publications :

None.

1423



c. LABORATORY OF TUMOR VIRUS GENETICS

July 1, 1975 - June 30, 1976

The ultimate goals of the Laboratory of Tumor Virus Genetics is to

elucidate at the molecular level the etiologic mechanisms of viral -induced
cancer in both rodents and primates. Two major efforts in achieving these
goals are: (1) to develop an approach that will regularly identify the
viral gene products and their functions that are responsible for converting
a normal cell to a cancer cell; and (2) to utilize viruses to study the
basic mechanisms by which cells regulate the expression of this oncogenic
information and to determine how these mechanisms are altered in cancer
cells. With the understanding gained from these efforts, it may be possible
to prevent and/or control the expression of information that leads to cancer.
In the past year, the emphasis of the Laboratory's effort has been on model

rodent systems since most conventional studies of human materials up to now

have proved negative.

The Molecular Virology Section studies in vivo and in vitro aspects of
viral oncogenesis, in particular mechanisms by which strongly transforming
RNA tumor viruses have acquired their oncogenic information. The Immuno-
genetics Section seeks to obtain a comprehensive knowledge of the genetics
and immunology of the expression of endogenous information in model systems,
in particular the mammary tumor virus of the mouse. This carcinoma-inducing
agent is the only good model for viral etiology of carcinomas, tumors which
comprise approximately 80 percent of human neoplasia. The Viral Biochemistry
Section conducts studies on the mechanisms by which cells regulate the
replication of RNA tumor viruses in an effort to develop means by which this
replication can be prevented. The Office of the Chief coordinates the
research of the various sections while recognizing the scientific freedom of
the individual investigators. The Office establishes many collaborative
efforts with investigators both within other areas of NIH and elsewhere such
that the information derived from these studies is being applied to a better
understanding of the molecular and viral etiology of cancer in animals and
whenever possible the etiology of human neoplasia.

The mechanisms by which RNA tumor viruses transform cells has been
investigated in two rodent model systems. The Kirsten and Harvey strains of
murine sarcoma virus have been found to be recombinants between the mammalian
helper viruses which were injected into the animals which led to their isola-
tion and new genetic information not present in the initial helper virus.
The nature of the new genetic information acquired by recombination has been
studied in greatest detail in the rat system. The rat genetic information
has been found to be a unique class of endogenous rat type-C virus. This
class of endogenous virus is apparently defective for replication normally
and can be recognized as viral only after recombination with a helper virus
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or rescue by a helper virus. The study of the unique information acquired by

recombination has shown that, although the formation of transforming viruses

is rare, the presence of the information is endogenous to many species of

rats and is quite common.

Within this project, many new findings have been identified. (1) The

sarcoma-specific oncogenic rat sequences of the Kirsten and Harvey sarcoma

virus have been found to be expressed in chemically induced and naturally
occurring rat tumors in the absence of production of type C particles. Such

tumors do not express detectable levels of type-C p30 protein as judged by

any currently available interspecies radioimmunoassay for mammalian type-C

viruses. Probes from this class of viruses allow one to identify certain
rat tumors as viral in etiology when conventional type-C probes are negative.

(2) A set of sequences within the Moloney sarcoma virus has been identified

which is the oncogenic sequences for this virus. This oncogene is not

present in another oncogenic virus derived from mice, the Abel son leukemia

virus. Therefore, a single oncogenic sequence cannot account for all cancer
in a given species. (3) Nonproducer cells have been isolated of sarcoma

virus-transformed cells isolated from feline and woolly sarcoma virus and

from certain types of leukemia viruses. Experiments are in progress to

develop probes specific for the oncogenic sequences, especially of the

woolly sarcoma virus, in an effort to then probe primate cancers for the

oncogenic information of the woolly sarcoma virus. Conventional probes
using the woolly leukemia virus based on model system work would not allow
the detection of such sequences in primate tumors.

Therefore, one of the central issues in oncogenesis is what molecules
regulate the expression of this oncogenic information. This includes both

small molecules such as hormones or chemical carcinogens, or large replicating
usually nononcogenic viruses. Techniques are not yet available to study the

transcription of oncogenic information per se .

However, in order to study the regulation of expression of viral
information and to develop systems later applicable to oncogenic information,
two systems are being studied: one model focuses on the expression per se
of viral information and the other on ways to inhibit viral replication. A
system has been developed for studying in vitro the expression of type-C and
type-B information of RNA tumor viruses. The techniques developed will allow
the study of the factors that control the expression of viral information in

vitro with the hope of identification of the proteins and other biochemical
factors needed to regulate viral expression. The methods developed to study
the system include the development of a \/ery sensitive in vitro assay for
studying the expression of transcription of RNA sequences of endogenous
viruses. This assay is approximately 100-fold more sensitive than previously
developed hybridization assays. Isolated purified nuclei and chromatin are
being studied to identify the biochemical factors involved in regulation of
expression. Both type-C model systems and type-B model systems which are
stimulated by dexamethasone, a glucocorticoid hormone, are being studied in

this regard.
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(1) To study the expression of endogenous viral information, recombinant
inbred lines of mice have been developed which have allowed the chromosomal
location of the mammary tumor virus in the mouse and the determination of

genetic factors which influence its expression.

(2) The steroid receptor molecule which binds glucocorticoids to nuclei

and stimulates the transcription of mammary tumor virus RNA has been chemi-
cally purified. Two sites on the hormone molecule have been identified.
One site is involved in binding the hormone, and the other site in binding
the receptor: hormone complex to DNA.

(3) Immunologic assays have been developed for the detection of mammary
tumor virus proteins in order to have these as markers in the study of tran-
scriptional regulation. Three such immunoassays have been developed, one
for the gp52, one for the p37, and one for the pi 4 of the mammary tumor virus.

(4) Cell lines have been developed from mammary tumor virus-transformed
carcinoma cells in the mouse which undergo a high frequency of genetic change
which regulates their endogenous virus expression. Such high producer clones
and low producer clones will be invaluable biologic tools in the study of
transcriptional regulation.

In order to further understand the possible mechanisms by which RNA
viruses could be rendered non-infectious, murine cells' restriction of the
replication of exogenous viruses has been studied. This genetic system
called n,b tropism is one of the major genetic loci that controls whether a

mouse will develop leukemia. Studies have revealed that a structural pro-
tein of murine leukemia viruses is involved in interacting with a cellular
gene product to cause the restriction defect. Phenotypic mixing between n

and b tropic viruses results in dually restricted viruses which suggests
that a structural protein of the viruses is required for the restriction.
Attempts are being made to identify the structural protein and to attempt
its utilization in vitro . Identification of the locus at which the Fv-1
gene product(s) acts would be of great help in developing methods for pre-
venting the replication of RNA tumor viruses.

A recently developed model system which is of interest in understanding
virus-induced leukemogenesis is the guinea pig leukemia system. This system
is of especial interest in that a virus, apparently not type-C in morphology,
is involved in the causation of a leukemia in the guinea pig. Conventionally,
type-C viruses have been associated with leukemia while type-B viruses have
been associated with carcinomas. Studies on the guinea pig and limited |

studies on the bovine virus apparently indicate that a non-type-C virus, if
it replicates in lymphoid cells, can lead to the causation of leukemia in an
animal. Therefore, the experiments indicate that morphology per se cannot
be used to classify the etiology of a given cancer by a certain kind of virus.
More importantly, the studies indicate that for model systems high amounts
of replicating virus of any morphology may cause a tumor in an animal.
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In less conventional systems, where there are not large amounts of repli-

cating virus, the development of a probe specific for oncogenic sequences

and the studies of what regulates its expression will be of great help in

identifying the viral etiology for a new class of tumors.

In order to study the above projects, additional technical tools will

be necessary. Namely, the production of improved transcripts of DNA from

RNA tumor viruses. These transcripts are generated with the use of purified

ARV reverse transcriptase. In order to improve this, the enzyme of the

avian myeloblastosis virus has been purified by pyran polymer affinity

chromatography and the molecular structure of the enzyme is being investi-

gated. Trypsin treatment of the enzyme converts it from an inactive form

to an active form. Such molecular studies are of great help in the

synthesis of probes more representative of the RNA tumor virus genome.

These probes are of necessity in the study of transcription and identifica-

tion of the oncogenic sequences.

In addition to the intramural research activities, several of the

senior investigators within the Laboratory spend a substantial proportion

of their time in support of the Virus Cancer Program. The scientists serve

as members of the Coordinating Committee of the Virus Cancer Program and the

Program Resources and Logistics Advisory Group of the Virus Cancer Program.

They provide scientific guidance as Project and Assistant Project Officers on

research contracts supported by the Virus Cancer Program. It is apparent
that the efforts of the Laboratory members have played a significant role

in the progress of the Virus Cancer Program to date. The effective
functioning of senior personnel in dual capacities, in-house research and

program administration, requires a delicate balance of effort. Such a

balance is to the betterment of both programs since a broad understanding
of the cancer problem requires both skilled molecular biologists,

virologists, cell biologists, and a broad overview of the cancer program
provided by both laboratory research and familiarity with the broader goals
of the Virus Cancer Program. Finally, outside of the Virus Cancer Program,
senior Laboratory members discharge a wide variety of scientific
responsibilities and serve as members of editorial boards, scientific
councils and as chairmen of various sessions of professional society
meetings.
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Cytochemical studies suitable for transmission electron microscopy were
employed to further characterize the nature of the vacuolization event
occurring in chick embryo cells after infection viith Rous sarcoma virus.

Results of these studies suggest that the vacuoles are probably formed
intracytoplasmically and are not products of pinocytosis involving the

plasma membrane.

Biochemical assays have been employed to investigate alkaline phosphatase
levels in transformed cells and their non-transformed counterparts. A

decrease in the level of the enzyme activity is found in the transformed
cells, specifically in Rous sarcoma virus transformed cells compared with
chick embryo cells.
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Project Description

Objectives :

(1) To determine the nature of the vacuoles which typify transformation
of CE cells infected with the Bryan "high titer" strain of Rous sarcoma
virus.

(2) To determine biochemical changes occurring in cells transformed by

Rous sarcoma virus, which may be associated with the vacuolization
occurring in these cells.

(3) To determine the effect of ionic changes on alkaline phosphatase
levels in transformed and non-transformed cells.

Methods Employed :

(1) Tissue culture, phase contrast microscopy, cytochemical methods for
electron microscopy, transmission electron microscopy.

(2) Tissue culture, phase contrast microscopy, enzymatic assays,
spectrophotometric analysis.

Major Findings :

(1) Initial phases of this project consisted of an investigation of the

nature of vacuolization which accompanies the transformation of chick
embryo cells by Rous sarcoma virus, Bryan "high titer" strain (RSV-BH).
Phase contrast microscopy revealed highly refractile bodies varying in

size and number appearing in the perinuclear region of the cytoplasm.
Scanning electron microscopy revealed crater-like images developing in

the cell surface suggesting that the vacuoles are composed of a volatile
substance, probably water. Histological staining studies did not detect
lipids, proteins, glycoproteins, polysaccharides or nucleic acids within
the vacuoles. Transmission electron microscopy showed that these
refractile bodies are membrane bound, intra-cellular components.

(2) A virus mutant, RSV-BH-Ta, selected for a defect in the transforma-
tion region of the viral genome allowed a study of the development of
non-permissive temperature (41°) to the transformation permissive
temperature (37°) induces the formation of vacuoles. Phase contrast
microscopy showed the development of vacuoles in the perinuclear region
of the cell. Vacuoles induced during transformation can be distinguished
from cellular phagocytic and pinocytic vacuoles.
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(3) Cytochemical methods using horseradish peroxidase labelling have
been used to analyze vacuole synthesis and development within the cell.
Experiments involving horseradish peroxidase labelling which utilize an
enzymatic reaction occurring at the cell surface to determine if the
vacuoles occurring in these transformed cells are formed from their
plasma membranes, are near completion. Experiments to date suggest
that the vacuolar membranes are not formed from the cell membrane by
rapid pinocytosis but rather that the vacuoles are formed intracyto-
plasmically, and probably start as very small vacuoles, which rapidly
coalesce to form the larger vacuoles which typify virus transformation
with the Bryan high titer strain of Rous sarcoma virus. Utilizing sec-
tions cut both perpendicularly and parallel to the plane of cell growth
in monolayer cultures, reaction product (resulting from the horseradish
peroxidase procedure) can be observed on the surface membrane and
around phagocytic vacuoles but not around the Rous vacuoles. Occasionally
a Rous vacuole appears to be stained but this is not the norm. Also in

the same section large groups of vacuoles coalescing with each other are
observed.

(4) Alkaline phosphatase levels in chick embryo cells were compared with
ceils transformed by Rous sarcoma virus. Cells infected with the Bryan
"high titer" strain (RSV-BH), a mutant (RSV-BH-Ta) inducing temperature
dependent transformation and another virus strain, Schmidt-Ruppin (RSV-SR)

were examined. Phosphatase activity was assayed using p-nitrophenyl
phosphate as substrate. Chick embryo cells exhibited enzyme levels
several fold higher than those of RSV-BH transformed cells. The mutant,
RSV-BH-Ta, allows a non-transformed phenotype when infected cells are
incubated at 41°, but at 37° the cells appear transformed. A comparison
of alkaline phosphatase levels in cells grown at the two temperatures
showed that the cells at 41° had higher levels of enzyme than those grown
at 37°. The differences were similar to those seen between CE cells and
RSV-BH transformed cells. Observation of cells infected with RSV-BH-Ta
and shifted from 41° to 37° showed that the decrease in enzyme level was
a gradual change requiring between 18-24 hours for differences to be
attained commensurate with differences found between non-transformed CE

cells and RSV-BH transformed cells. Cells transformed by RSV-SR differ
morphologically from those transformed by RSV-BH. Nonetheless, cells
transformed by RSV-SR also contained lower alkaline phosphatase levels
than CE cells. These results suggest that the decrease in alkaline
phosphatase activity is a general property of transformed cells.

(5) Experiments are currently in progress to determine the effect of

changes in Na+ concentrations on CE cells and RSV transformed cells.
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Significance to Biomedical Research and the Program of the Institute :

Biochemical and biophysical data pertaining to these vacuoles are compatible

with morphological data. These combined results show an increase in intra-

cellular water in cells transformed by RSV-BH and suggest a mechanism for
malignant transformation by this virus based on water and ion exchange.

A study of the vacuolization process may reveal basic physiological

changes responsible for the malignancy of cells transformefl by RSV-BH.

Biochemical changes between transformed and non-transformed cells have been

documented. A decrease in alkaline phosphatase levels in transformed cells

possibly can be used as a biochemical marker to distinguish transformed
cells from their normal counterparts.

Proposed Course :

Completion of the cytochemical studies now in progress. Effects of ionic

changes, specifically K"^ and Na"*" on alkaline phosphatase levels in CE cells

and RSV transformed cells which are now in progress, will be continued.

Publications :

Bader, A. V. and Bader, J. P.: Transformation of cells by Rous sarcoma

virus: Cytoplasmic vacuolization. J. of Cell. Physiology , 87: 33-46,

1976.
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SUMMARY OF WORK (200 words or less - underline keywords)

The endogenous viruses of guinea pigs include the type-B GPV and the

intracisternal A particle found predominantly in cells of the trans-

plantable L2C leukemia. It has recently been possible to isolate a

clone of guinea pig cells which spontaneously produces substantial

quantities of GPV. This in turn has permitted us to initiate an analysis

of the size and number of viral proteins . We are now involved in producing

large quantities of virus, purifying the proteins by gel chromatography,

and preparing specific antisera. We have also demonstrated that the

type-B GPV is present in the plasma of guinea pigs in the terminal stages

of L2C le"ukemia , although it is not known how or where this induction

occurs.
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(12-75)
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Project Description

Objectives:

(A) To extend our earlier findings that the endogenous virus of the guinea
pig which is inducible by halogenated pyrimidines is morphologically and
biochemically distinct from type-C oncornaviruses while it shares one or
more properties common to other non type-C viruses such as MMTV and MPMV.
In addition, we are continuing to characterize the viruses present in the
plasma of guinea pigs inoculated with the transplantable L2C leukemia.

(B) In an effort to increase understanding of the differences between C-
type viruses and those viruses, such as the endogenous guinea pig virus,
MTV, MPMV, and bovine leukemia virus (BLV), which are basically similar
but an iiraiunologically separate group, we are undertaking a careful
analysis of the properties of purified reverse transcriptase of both GPV
and BLV. This will permit an overall comparison of the enzymes of non-type-C
oncornaviruses with both avian and mammalian type-C viruses.

(C) (1) Morphological study of bovine leukemia virus was initiated because
there is some controversy as to its exact classification as an oncorna-
virus.

(2) A continuing effort has been made to analyze by electron microscopy
those viruses and virus-like particles which bud from the endoplasmic
reticulum.

Methods Employed :

Light and electron microscopy, cell culture, virus growth and purification,
ultracentrifugation, enzymology, column chromatography, and other routine
preparative and analytical procedures.

Major Findings :

(A) (1) In collaboration with Drs. Perk, Michalides, Evans and Pearson.
During the previous year it was shown that the BrdU-inducible guinea pig
virus was morphologically and biochemically distinct from type-C viruses
while it was similar in many respects to MMTV. Nevertheless, when GPV is

tested against antisera to MMTV or MPMV, there is no detectable cross
reaction.

(2) A major obstacle to the continued analysis of GPV was the technical
difficulty of obtaining large quantities of virus. This problem was largely
solved when it was discovered that two permanent guinea pig cell lines
isolated by Dr. C. Evans were spontaneously shedding low levels of GPV.
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Several months were devoted to cloning both lines in an effort to isolate
a cell line producing acceptable levels of virus without requiring
induction. Clone 118/11 was chosen for this purpose and it has made
possible the production of significant amounts of virus.

(3) This in turn has allowed us to initiate a variety of analyses.
P.A.6.E. analysis of labeled and unlabeled GPV indicates that the major
proteins have molecular weights of 70,000 (glycoprotein), 36,000, 29,000,
23,000 (major structural protein), 17,000, and 12,000. We are currently
isolating individual viral proteins on guanidine-HCl columns. At the same
time it has been possible to produce high quality antisera to whole virus
in rabbits. When virus is disrupted with either SDS or NP40, three
precipitin lines are obtained. We are currently using partially purified
proteins to identify which proteins produce the particular precipitin
lines and will soon be able to test this antiserum against proteins of a

wide variety of other RNA tumor viruses.

(4) We have continued to study the induction of GPV in animals
inoculated with LpC leukemia. Although tumor cells contain an intra-
cisternal virus-like particle which is released from necrobiotic cells
and accumulates in the plasma, there is evidence that a second virus -

the B-like GPV - also appears in the plasma. This latter virus appears
to account for the presence of reverse transcriptase and viral RNA in

the plasma. Although the location in the leukemic animal producing this
virus has not been identified, perhaps because induction occurs extremely
rapidly, viral particles with lOOA long spikes can routinely be observed
in negatively stained plasma samples obtained from leukemic guinea pigs,
while they are not observed in normal plasma samples. Furthermore, there
is a correlation between the level of reverse transcriptase and the level

of virus particles with spikes in a variety of leukemic plasma samples,
while there is no such correlation of enzyme activity with particles
without spikes. This is consistent with the hypothesis that the plasma
of leukemic guinea pigs contains two unrelated viruses, and that the
oncornavirus containing RNA and reverse transcriptase is not produced
by the L2C tumor cells, but is induced during the course of the leukemia
by an as yet unexplained mechanism. In any case, the association, even
if casual, of a virus unrelated morphologically and immunologically to

typical leukemia viruses with the L2C leukemia is of interest.

(B) (1) In collaboration with Dr. T. Papas. Since significant quar^tities

of GPV are now available, and because we are also producing large quantities
of bovine leukemia virus from stationary phase sheep cells, it has become
feasible to purify and characterize the reverse transcriptases of theso
viruses. In the case of either virus, two different purification procedures
are used. In the first, the standard procedure of chromatography on DEAE-
cellulose, followed by chromatography on phosphocellulose is employed. In
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the second procedure, disrupteci virus is applied directly to an affinity
column prepared by immobilizing poly(rC) on sepharose.

(2) Although these studiiis are still at a preliminary stage, it appears
that despite the preference for Mg++ over Mn+"'', a feature which distinguishes
these enzymes from type-C revei'se transcriptases, in other respects, such as
the salt concentration at whicn the enzyme elutes from phosphocellulose, pH
and temperature optima, and template specificity, these enzymes are quite
similar to other mammalian type-C reverse transcriptases.

(C) (1) Bovine leukemia virus has been investigated by electron microscopy
by several laboratories in the past few years, but with few exceptions, it

has been difficult to interpret the findings. No doubt this is largely due
to the relatively recent emergence of the concept of a class of mammalian
RNA tumor viruses distinct from mammalian type-C viruses, perhaps analogous
to the avian reticuloendotheliosis viruses. Since BLV is immunologically
unrelated to type-C viruses, and since its reverse transcriptase mimics those
of MMTV, MPMV, and GPV in its preference for Mg++, a fresh look at the
morphogenesis of BLV was warranted. In brief, the virus can be distinguished
from mammalian type-C viruses only because it contains lOOA long spikes on

its surface membrane. In other important aspects, such as budding character-
istics, lack of intracytoplasmic forms, and appearance of mature particles,
it is almost impossible to distinguish BLV from typical type-C viruses.

Significance to Biomedical Research and the Program of the Institute :

(A) Despite considerable effort by this and other laboratories, type-C
viruses have not been demonstrated in the guinea pig. The endogenous
oncornavirus described in the guinea pig is morphologically and biochemically
similar to MMTV, while at this time it appears to be immunologically unrelated
to any other known virus. Evidence is accumulating that there are several
mammalian RNA tumor viruses in a variety of rodent and other species which
are unrelated to type-C viruses. It will be of great importance to determine
if this group of viruses is related to each other or to some as yet un-
discovered virus, and to explore the role these non-type-C viruses may play
in the etiology of cancer in the guinea pig and other host species.

(B) The analysis of the properties of purified reverse transcriptase of
non-type-C viruses such as BLV and GPV may lead to a better understanding
of the differences between type-C and non-type-C oncornaviruses. Careful
determination of the optimal reaction conditions for the purified enzymes
will probably be of vital importance in the production of high quality
SH-cDNA probes. These probes will be useful in the study of the role these
viruses play in cancer of the guinea pig and cow.

(C) The electron microscopic examination of bovine leukemia virus morpho-
genesis, in light of recent biochemical and immunological findings, has led
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to the concept that, although there is considerable variation in the morpho-
genesis of non-type-C RNA tumor viruses, such as GPV, MMTV, MPMV, and BLV,

they all can be distinguished from mammalian type-C viruses on the basis of

one or more of a group of morphological traits, none of which are shared by
all members of this group.

Proposed Course :

(A) A major emphasis will be placed on the purification of one or more of
the guinea pig virus structural proteins, and the production of monospecific
antisera. The development of these antisera will permit an analysis of the
level of virus expression in a variety of cell types and tumors, and will

ultimately be used to determine if related viruses are present in other
South American rodents. At the same time, these reagents will be useful in

exploring the mechanism of GPV induction in guinea pigs inoculated with the

L2C leukemia.

(B) Following the completion of the characterization of the optimal reaction
conditions for BLV and GPV reverse transcriptase, particular effort will be

devoted to the production of high quality probes of guinea pig virus cDNA.

These will be used in experiments paralleling those using monospecific anti-

sera to the viral proteins in an effort to study the level of virus expression

in both normal and transformed guinea pig cells.

Publications :

Michalides, R. , Schlom, J., Dahlberg, J. and Perk, K. : Biochemical
properties of the bromodeoxyuridine-induced guinea pig virus. J. Virol.

16: 1039-1050, 1975.

Perk, K. and Dahlberg, J. E.: The intracisternal A-particle. Israel J.

of Med. Sci. 11: 6, 1975.

Michalides, R., Scholm, J., Pearson, J., Perk, K. and Dahlberg, J.:

Characterization of the oncornavirus particles in the plasma of guinea

pigs with L2C leukemia. J. Virol, (in press).
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The genetic study of mammalian RNA tumor viruses has been undertaken to

determine the methods by which they cause cancer in infected host animals:

Murine sarcoma virus (MSV), which is a deletion mutant of its helper

murine leukemia virus (MuLV), lacks the information necessary for viral

reverse transcriptase and requires for production of progeny the

functioning of helper virus genes supplying at least viral envelope

antigen(s) (gp71) and virion core protein polymerase. (2) Isolation of

MSV in nonproductively infected mink cells has permitted the development

of a rapid focus induction assay for certain mammalian helper type C

viruses.

(1)
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Project Description

Objectives:

(A) To study cell lines infected with murine sarcoma virus (MSV) in the

absence of helper viruses and to characterize the MSV genome in these

cells and the MSV genome rescued from these cells.

(B) To search for oncogenic viruses in pediatric tumors.

(C) To develop sensitive biological, immunological, and biochemical

human assay systems for the detection of possible human tumor viruses.

Methods Employed :

(A) Evidence for sarcoma and leukemia virus expression in cell cultures
was measured by known tissue culture assays, biochemical assays,

immunological tests, and electron microscopy.

(B) Recently developed mammalian tissue culture detection systems have

been utilized in an attempt to find evidence for a viral etiology in

pediatric tumors.

(C) Certain tissue culture cell lines are being investigated for their

potential use as detection systems for human oncorna viruses using
techniques previously employed for investigation of MSV and MuLV.

Major Finding s:

(A) Sarcoma virus-positive, leukemia virus-negative (S+L-) mouse cells
transformed by defective but rescuable murine sarcoma virus (MSV)

release noninfectious type C virions with a quantitative deficiency of

viral -type RNA-dependent DNA polymerase (RDDP). Human S+L- cells containing
the same genome fail to express any detectable viral -type reverse tran-

scriptase. To study this difference in MSV expression, second-generation
MSV from the S+L- human cells was recloned in dog, mink, and back into

mouse cells. Heterologous host dog and mink S+L- cell clones, like

human S+L- cell clones, failed to release viral-type reverse transcriptase
into culture supernatant fractions. All second-generation homologous
mouse S+L- cell clones again released viral reverse transcriptase in

supernatant fractions, indicating that the MSV genome has not been

altered in this function. Using (dT)i2-18-cellulose and phosphocellulose
chromatography of cellular polymerase preparations, no intracellular
buildup of unreleased murine reverse transcriptase was detected in the

S+L- clones. The data suggest that the MSV genome is defective in the

information for the viral core protein RDDP.
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(B) The experiments screening pediatric neoplasias for candidate tumor

viruses remain negative. Primary cultures of tumor cells and developed

cell lines were examined. These consisted of lymphomas, leukemias,

sarcomas and other assorted representative pediatric tumors.

(C) The isolation of S+L- mink heterologous host cells led to the

development of a rapid focus-induction assay for certain replicating (r+)

but nontransforming (t-) mammalian type C viruses including xenotropic

murine leukemia virus (X-MuLV), feline leukemia virus (FeLV-C), and

feline-primate viruses RD-114/CCC/M-7. Mink cells infected only with

r-t+ defective Moloney murine sarcoma virus (MSV) were established

into a phenotypically flat cell line (S+L- MiCl]). When S+L- MiCl]

monolayers were superinfected with dilutions of the r+t- type C viruses,

foci formed with one-hit kinetics. Focus induction was enhanced by

treatment of the cells with either DEAE-dextran or polybrene. Quantitation

of r+t- virus by use of S+L- MiCl] cells was comparable to that of other

biological assay systems.

Significance to Biomedical Research and the Program of the Institute :

(A) The exploration of the genetics of mammalian type C RNA tumor viruses

may lead to an understanding of how these viruses cause disease in host

animals. Knowledge of this viral neoplastic process may facilitate the

demonstration and eventual understanding of the possible viral -induced

cancers of man.

(B) The tumors from pediatric patients are of particular interest for a

tumor virologist because of the possibility of vertical transmission of

oncogenic viruses. Also clinically, outside of automobile and ingestion

accidents, cancer is responsible for most deaths in children in the

United States.

(C) Detection and isolation of oncogenic-type viruses from human neo-

plasias is a necessary first step in demonstrating a viral etiology.

Proposed Course :

(A) We are attempting to further characterize the interactions of the

mammalian type C viruses with their host cells in order to understand

the method(s) by which these viruses disrupt host cell division control

mechanisms and induce cancers.

(B) We will continue to attempt to demonstrate a viral etiology in

pediatric cancers.
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(C) Tissue culture and certain biochemical studies are underway to
look for improved methods for possible detection of human oncogenic
viruses.

Publications :

Peebles, P. T. , Gerwin, B. I. Papageorge, A. G. and Smith, S. G.: Murine
sarcoma virus defectiveness. Viral polymerase expression in murine and
nonmurine host cells transformed by S+L~ type murine sarcoma virus.

Virology 67: 344-355, 1975.

Peebles, P. T.: An in vitro focus induction assay for xenotropic murine
leukemia virus, feline leukemia virus C, and the feline-primate viruses
RD-114/CCC/M-7. Virology 67: 288-291, 1975.

Gerwin, B. I., Smith, S. G. and Peebles, P. T.: Two active forms of

RD-114 virus DNA polymerase in infected cells. Cell 6: 45-52, 1975.

Scolnick, E. M. , Howk, R. S., Anisowicz, A., Peebles, P. T., Scher, C. D.

and Parks, W. P.: Separation of sarcoma virus-specific and leukemia
virus-specific genetic sequences of Moloney Sarcoma Virus. Proc. Natl.
Acad. Sci. ( U.S.A. ) 72: 4650-4654, 1975.

Peebles, P. T., Gerwin, B. I. and Scolnick, E. M.: Murine sarcoma virus
defectiveness: Serological detection of only helper virus reverse
transcriptase in sarcoma virus rescued from nonmurine S+L- cells.
Virology (in press).
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In order to have a better understanding of the mechanism of Fv-1 restriction,

studies on B-type cells infected with N-tropic MuLV and tropic MSV pseudo-

types have been performed. Studies on N-type cells infected with B-tropic

viruses have been carried out to determine whether the B-tropic MuLV is

able to overcome Fv-1 restriction in the N-type cell system. At high

multiplicities, this restriction is not overcome. This makes new biochemical

approaches possible to determine the mechanism of Fv-1 restriction.

PHS-6040
(12-75)
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Project Description

Objectives :

To determine the conditions under which N-tropic MuLV infecting non-
permissive cells (B-type cells) is able to overcome Fv-1 restriction
using N-tropic MSV psuedotypes as markers and to elucidate whether the
MuLV can donate its tropism to other tumor RNA viruses.

Methods Employed :

(1) Routine tissue culture methods are employed. Infectious center
assays are also employed in order to quantitate the growth of N-tropic
and B-tropic MSV in the nonpermissive system.

(2) B- and N-tropic MuLV are grown in NRK cells. Then the NRK cells
producing N- and B-tropic MuLV are infected with SSV] and the media
from these cultures are used to infect "N" type and "B" type mouse x

rat hybrids. The growth of SSV^ on the hybrid cells is then quantitated
by immunofluorescence using specific antisera.

Major Findings :

These experiments are in progress but preliminary results show the
complete loss of restriction in a nonpermissive cell system (B-type
cells) infected with N-tropic MuLV at a high m.o.i. The reversal
activity for which the MuLV(N) is responsible allows MSV(N) to replicate
in nonpermissive cells to the same degree as in a permissive system.
NB-tropic MuLV does not show any ability to alter the restriction of B

cells.

Significance to Biomedical Research and the Program of the Institute :

The study of cell restriction or cell permissiveness in relation to

RNA tumor viruses is highly significant if it can be experimentally
controlled and utilized in vivo in virally induced disease. It could
also provide important information regarding the mechanism of virus
replication.

Proposed Course :

Further studies on B-type cells infected with N-tropic MuLV using MSV
pseudotypes as markers will be performed in order to have a better under-
standing of the Fv-1 restriction mechanism. Studies on N-type cells
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infected with B-tropic viruses will also be carried out. Immunofluorescence
assays on "N type" and "B type' mouse x rat hybrids infected with SSV]

propagated with tropic MuLVs will be performed in order to determine
whether the MuLV is able to donate its tropism to the SSV]

.

Publications :

Bassin, R. H., Duran-Troise, G,, Gerwin, B. I., Gisselbrecht, S. and
Rein, A,: Murine sarcoma virus pseudotypes acquire a determinant
specifying N or B tropism from leukemia virus during rescue. Nature
256: 223-225, 1975.

Rein, A., Kashmiri, S. V. S., Bassin, R. H., Gerwin, B. I. and Duran-Troise,
G.: Phenotypic mixing between N- and B-tropic murine leukemia viruses:
Infectious particles with dual sensitivity to Fv-1 restriction. Cell 7:

373-379, 1976.
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Replication-defective murine sarcoma viruses have been analyzed and

found to lack reverse transcriptase . This makes it unlikely that this

enzyme is a useful marker for transformation. It remains a marker for

replicating virus. The reverse transcriptase found inside cells

producing replicating virus is in two forms : a high molecular weight

and a low molecular weight form. The two forms may differ in their

enzymatic properties.

t
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Project Description

Objectives:

The goal of this project is an understanding at the molecular level of the
life cycle of RNA tumor viruses, i.e. , the expression of these viruses in

cells infected both nonproductively and productively and cellular control
mechanisms applicable to these viruses. The topics of present interest are:

(A) Biochemical characterization of RNA dependent DNA polymerase in infected
mammalian cells and noninfectious and/or defective RNA tumor virus particles.

(B) Analysis of the cellular DNA polymerases involved in DNA replication.

Methods Employed :

(A) Enzymes are purified from disrupted virions and cells using affinity
and ion-exchange chromatography and velocity gradients. Enzymes are analyzed
either physico-chemically by fingerprint analysis and thermol ability or
enzymologically by kinetic constants and/or template preferences, and

fidelity of transcription.

(B) Analysis of the cellular DNA polymerases involved in DNA replication:
Normal and regenerating rat liver nuclei have been analyzed by CS2SO4
gradient centrifugation. DNA polymerase activity in these gradients has

been analyzed by assay and purification over glycerol velocity gradients
and phosphocellulose columns.

Major Findings :

(A) (1) DNA polymerases have been purified from normal AKR virus and nonin-
fectious virus assembled in cells treated with actinomycin D. No differences
have been noted in size, chromatographic properties, template preferences, or
thermol ability. These noninfectious particles have been shown to contain the
normal complement of structural proteins but no high molecular weight viral
RNA. Thus, synthesis and packaging of normal RNA dependent DNA polymerase is

not dependent on synthesis and packaging of functional viral RNA. In addi-
tion, analysis of the DNA polymerases present in several mutants of MuLV has

shown that the mutation is not in the region coding for the polymerase.

(2) Nonproductive MSV infections have been established in cells of
different species. The type of MSV used induces reverse transcriptase
production at a low level in the homologous mouse cells. Purification of
DNA polymerases from MSV transformed cells of heterologous species by column
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chromatographic procedures has shown that MSV cannot induce formation of this
enzyme in those cells although it does induce the synthesis of other viral
proteins (p30). Infections were made productive by infection with a feline
leukemia helper virus, the virions produced were purified and analyzed to
discover what proportion of their DNA polymerase and their genetic material
was murine or feline. This analysis was performed by purification of the
polymerase and analysis of inhibition by antisera directed against feline
(RD-114) or murine (RLV) polymerase and by extraction of virion RNA and
analysis by hybridization to cDNA from feline and murine RNA tumor viruses.
While murine information represented 50% of the genetic material present, no
murine DNA polymerase could be detected. The conclusion of these studies is

that one defect of sarcoma virus is its inability to code for an active
reverse transcriptase.

(B) It has been shown that the e polymerase is found in fractions with
nascent DNA which may represent an isolated DNA replication complex. This

B polymerase increases in quantity in parallel with increases in DNA
synthesis as rat liver regenerates after partial hepatectomy.

Significance to Biomedical Research and the Program of the Institute :

(A) The relevance of this finding is that viral DNA polymerase is not a

likely marker for solid tumor diseases. In addition this finding increases
our understanding of the interaction between sarcoma and leukemia viruses
and establishes a genetic marker which may prove to be useful in future
analyses.

(B) The relevance of these studies lies in their ability to increase our
understanding of DNA synthesis in mammalian cells. RNA tumor viruses are
known to integrate in mammalian cell DNA presumably during normal cellular
DNA synthesis. Better knowledge of the normal process should help us

understand the viral interference with it. These studies will aim to

delineate the components of the replication complex and the nature of the
replication which it performs.

Proposed Course :

(A) The forms of viral polymerase found in cells will be further analyzed
by biochemical and biophysical techniques. The larger form will be tested
with viral RNA to see if it has a factor allowing better transcription of
RNA.

(B) The replication complex will be fractionated to determine how many
polymerases are involved in DNA replication.
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Publications;

Bassin, R. H., Duran-Troise, G., Gerwin, B. I., Gisselbrecht, S. and Rein, A.

Murine sarcoma virus pseudotypes acquire a determinant specifying N or B

tropism from leukemia virus during rescue. Nature 256: 223-225, 1975.

Gerwin, B. I., Smith, S. G. and Peebles, P. T.: Two active forms of RD-114
virus DNA polymerase in infected cells. Cell 6: 45-52, 1975.

Peebles, P. T., Gerwin, B. I., Papageorge, A. G. and Smith, S. G.: Murine
sarcoma virus defectiveness viral polymerase expression in murine and non-
murine host cells transformed by S+L- type murine sarcoma virus. Virology
67: 344-355, 1975.

Genta, V, M., Kaufman, D. G., Kaufmann,W. K. and Gerwin, B. I.: Eukaryotic
DNA replication complex. Nature 259: 502-503, 1976.

Rein, A., Kashmiri, S. V. S., Bassin, R. H., Gerwin, B. I. and Duran-Troise,
G.: Phenotypic mixing between N- and B-tropic murine leukemia viruses:
Infectious particles with dual sensitivity to Fv-1 restriction. Cell 7:

373-379, 1976.

Peebles, P. T., Gerwin, B. I. and Scolnick, E. M.: Murine sarcoma virus
defectiveness: Serological detection of only helper virus reverse tran-
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(in press).
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mechanism of ascorbate oxidase. Proc. of the First Internatl . Symposium on
Iron and Copper Proteins (in pressT"!
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The major goal of this project is a basic understanding of the biological and

biochemical basis of Fv-1 restriction , a naturally occurring cellular system
which inhibits the replication of specific N- or B-tropic mouse leukemia viruses

The studies primarily involve a variety of cell culture techniques for quantita-

tion of virus replication and transformation .

(1) MSV pseudotypes acquire sensitivity to Fv-1 restriction from murine leukemia

virus during rescue and can be used as independent markers to detect restriction

Results show that infection of a resistant BALB/3T3 cell with at least 2 in-

fectious N-tropic MuLV particles removes restriction to N-tropic MSV. The entire

population of resistant cells can be made sensitive if sufficient N-tropic MuLV

is added.

(2) Mouse cells dually infected with N-tropic and B-tropic MuLVs yield progeny

which are sensitive to both Fv-lb and Fv-1" restriction. The dual sensitivity i$

a phenotypic property of the virus and, together with the phenotypic acquisition

of tropism by MSV psuedotypes, indicates that a transferable nongenetic factor,

present in the leukemia or sarcoma virion, serves as a target for Fv-1 restricti

and that the restriction acts early in the viral replicative cycle.

on;
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Project Description

Objectives:

This research project has been largely concerned, during the past year, with
a study of the intracellular restriction of N- tropic and B-tropic murine
leukemia viruses in mouse cells. This phenomenon, which is known to be con-
trolled by a single cellular gene, Fv-1 , is of special interest since an

understanding of how restriction operates may be fundamental for studies not
only on the mechanisms of cellular control of virus expression but also on
the special problems of RNA tumor virus replication and cell transformation.

Methods Employed :

Tissue culture assays including XC plaque assays and focus assays are the
main techniques. Development of specialized cell lines which are restricted

and permissive for murine viruses. Soft agar focus assays, S+L- plaque
assays and immunofluorescence assays for the quantitation of viral in-

fectivity are being used.

Major Findings :

(1) Initial studies showed that psuedotypes of defective murine sarcoma
viruses (MSV) phenotypically acquire tropism from N-, B-, or NB-tropic
murine leukemia virus (MuLV) during rescue from nonproducer or S+L- transformed

cells. These findings have several implications with regard to the mechanism
of Fv-1 restriction, two of which were studied in detail this year.

(2) MSV pseudotypes which are subject to cellular Fv-1 restriction represent
additional reagents with which to investigate the basis of viral tropism.
Restriction in the kinetics of infection with large amounts of leukemia
virus can easily be quantitated using MSV pseudotypes of different tropisms
as markers. The results obtained with this approach, using infectious
center techniques, show that Fv-1 restriction in BALB/3T3 cells is completely
removed by high multiplicities of infection with N-tropic MuLV but not with
B-tropic or NB-tropic MuLVs. At multiplicities of N-tropic MuLV greater than

2, virtually e'jery BALB/3T3 cell becomes permissive to infection by the N-

tropic MSV psuedotype, i.e. , there is no evidence for a resistant factor of
cells. Titration curves show that 2 infectious N-tropic MuLV particles are
required to overcome Fv-1 restriction in BALB/3T3 cells. Preliminary data
also indicate that BALB/3T3 cell cultures contain a subpopulation of cells
which are permissive to N-tropic MSV pseudotypes presumably a result of their
having lost Fv-1 restriction.
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(3) The progeny of dually infected cells are subject to restriction by both
Fv-lb and Fv-T^ cells. This dually restricted virus was shown after cloning
in permissive cells to be either N- or B-tropic virus which had acquired an

additional factor by phenotypic mixing as a result of its having grown in a

dually infected cell. The factor serves as a target for the Fv-1 restriction
substance normally present in certain mouse cells, and is also responsible
for the tropism of MSV pseudotypes described above. The data indicate that
there are several target molecules present in N- or B-tropic virions and

that the presence of a target renders the virion sensitive to homolgous Fv-1

restriction. The chemical nature of the target molecules is currently under
study.

Significance to Biomedical Research and the Program of the Institute :

The Fv-1 restriction system appears to represent a model for intracellular
control of RNA tumor virus infection. A detailed study of this system may
give us new insights into the control of virus infection in general and RNA
tumor virus infection in particular. Once these control mechanisms are
fully understood, they could be modified and improved experimentally with
possible applications in vivo .

Proposed Course :

The project will attempt to isolate and identify the target molecules in

viruses and cells that cause the Fv-1 restriction. The phenotypically mixed
viruses will be used to identify a viral structural protein that causes
tropism.

Publications :

Bassin, R. H. , Duran-Troise, 6., Gerwin, B. I., Gisselbrecht, S. and Rein,

A.: Murine sarcoma virus pseudotypes acquire a determinant specifying N or

B tropism from leukemia virus during rescue. Nature 256: 223-225, 1975.

Rein, A., Kashmiri, S. V. S., Bassin, R. H., Gerwin, B. I. and Duran-Troise,
G.: Phenotypic mixing between N- and B-tropic murine leukemia viruses:
Infectious particles with dual sensitivity to Fv-1 restriction. Cell 7:

373-379, 1976.
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Biochemical studies with specially prepared cDNA probes from the Kirsten,

Harvey and Moloney strains of murine sarcoma virus have indicated that

each strain arose by genetic recombination between a helper type-C virus

and sarcoma-specific information endogenous to the species of origin of

the virus. This sarcoma-specific information represents in the case of

the Kirsten and Harvey virus a unique new class of endogenous mammalian
type-C virus that is normally defective for replication but which
nevertheless can still transform cells. The identification of such

sequences opens new approaches to the identification of the viral cause
of neoplasia .
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Project Description

Objectives :

We have investigated the mechanism of transformation by RNA tumor viruses.

The goal is to identify the nucleic acid sequences and protein(s) coded
for by RNA tumor viruses responsible for changing a normal cell into a

cancer cell. In order to study this phenomenon, we have focused our
attention on rapidly transforming, RNA containing sarcoma viruses of
mammalian species.

Methods Employed :

(1) Tissue culture methods including cloning of cells in soft agar,
cloning of cells in methylcellulose, and the development of nonproducer
cells transformed by various mammalian sarcoma viruses in a wide variety
of mammalian cell species.

(2) Biologic methods which include virus purification, host range
analysis, and studies of the ratios of helper viruses to sarcoma viruses
in various stocks in order to use these stocks for biochemical techniques.

(3) Biochemical procedures include the preparation of nucleic acids from
cells and the synthesis of DNA probes from mixtures of sarcoma viruses
and helper viruses.

(4) The absorption of the cDNA probes from mixtures of sarcoma and
helper viruses to prepare from these mixtures DNA probes specific for
the oncogenic sequences of transforming RNA tumor viruses.

(5) The development of chemically transformed cell lines from rodent
and primate species in order to study the expression of the oncogenic
sequences.

Major Findings :

(1) The mammalian sarcoma viruses, the Kirsten and Harvey strains, have
been found to contain a unique set of rat genetic sequences which has
become stably associated in covalent linkage with murine leukemia virus
information. These rat genetic sequences apparently code for the trans-
forming functions of the Kirsten and Harvey sarcoma virus. This rat
genetic information represents a novel class of endogenous rat virus
which is distinct in a critical property from the previously recognized
class of mammalian type-C viruses. This class of endogenous virus
apparently never forms complete virus particles even when cells produce
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high levels of this viral RNA. Thus, the sarcoma virus provides a tool

with which to identify a potentially defective endogenous type-C virus
which apparently codes for oncogenesis.

(2) The Moloney sarcoma virus has been studied in the past year and also

found to possess a new class of genetic information not present in the

Moloney leukemia virus. As in the case of the Kirsten and Harvey sarcoma
virus, this genetic information apparently arose by recombination between
the Moloney leukemia virus and information normally present in mouse cells.

The nature of this information is being investigated.

(3) The studies on both mouse and rat sarcoma viruses has indicated that,

although the formation of a sarcoma virus in transmissible form is rare,

the presence in cells of sarcoma-specific information in the DNA is \/ery

common. Thus, the rare event is the formation of a transmissible virus and

not the presence of sarcoma virus-specific information.

(4) Certain tumors have been identified in the rat system which express
high levels of the sarcoma virus-specific information in the absence of
viral particles and with only minimal expression of typical rat type-C
viral information.

Significance to Biomedical Research and the Program of the Institute :

The ability to identify the nucleic acid sequences that code for proteins
responsible for transformation represents a large step forward in ulti-

mately identifying such sequences in human cancer cells. Up to now, all

typical cDNA probes prepared from RNA tumor viruses have represented the

sequences responsible for replication not the sequences responsible for

transformation. Thus, the ability to purify such probes and perform
epidemiologic studies with them in rodent tumors opens new approaches to

similar types of experiments in primates and human cancer.

Proposed Course :

The further development of such sarcoma-specific probes will be performed
with the woolly sarcoma virus thus enabling us to attempt to probe primate
tumors for oncogenic-specific information. In addition, we will attempt
to investigate leukemia viruses to see if oncogenic leukemia viruses also
could possess a unique set of sequences not present in non-oncogenic
leukemia viruses. Similar experiments will also be attempted with
mammary tumor agents from mice. In addition, we will attempt to identify
the proteins coded for by these sequences in order to attempt to isolate
the transforming protein from an RNA tumor virus-infected cell.

1453



Project No. Z01-CP-04858-04-LTVG

Publications:

Scolnick, E. M. , Goldberg, R. J. and Parks, W. P.: A biochemical and
genetic analysis of mammalian RNA containing sarcoma viruses. Cold
Spring Harbor Tumor Virus Symposium 39: 885-895, 1974.

Parks, W. P., Scolnick, E. M. and Ransom, J. C: Glucocorticoid induction
of murine mammary tumor virus io^ vitro . Cold Spring Harbor Tumor Virus
Symposium 39: 1151-1158, 1974.

Parks, W. P., Ransom, J. C, Young, H, A. and Scolnick, E. M.: Mammary
tumor virus induction by glucocorticoids: Characterization of specific
transcriptional regulation. J. Biol. Chem. 250: 3330-3336, 1975.

Young, H. A., Scolnick, E. M. and Parks, W. P.: Glucocorticoid-receptor
interaction and induction of murine mammary tumor virus. J. Biol . Chem.
250: 3337-3343, 1975.

Howk, R. S., Anisowicz, A., Silverman, A. Y., Parks, W. P. and Scolnick,
E. M.: Distribution of murine type-B and type-C viral nucleic acid
sequences in template active and template inactive chromatin. Cell 4:

321-327, 1975.

Parks, W. P., Noon, M. C, Gilden, R. and Scolnick, E. M.: Serological
studies with low-molecular-weight polypeptides from the Moloney strain of
murine leukemia virus. J. Virol . 15: 1385-1395, 1975.

Scher, C. D., Scolnick, E. M. and Siegler, R.: Induction of erythroid
leukemia by the Harvey and Kirsten sarcoma viruses. Nature 256: 225-227,
1975.
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transformed mouse cell. J. Virol. 15: 1293-1296, 1975.

Young, H. A., Parks, W. P. and Scolnick, E. M.: Effect of chemical
inactivating agents on glucocorticoid receptor proteins in mouse and
hamster cells. Proc. Natl. Acad. Sci. U.S.A. 72: 3060-3064, 1975.

Scolnick, E. M., Howk, R. S., Anisowicz, A., Peebles, P. T., Scher, C. D.

and Parks, W. P.: Separation of sarcoma virus specific and leukemia virus
specific genetic sequences of Moloney sarcoma virus. Proc. Natl. Acad.
Sci. U.S.A. 72: 4650-4654, 1975.
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Goldberg, R. J., Levin, R. , Paiks, W. P, and Scolnick, E. M.: Quantitative
analysis of the rescue of ribonucleic acid sequences by mammalian type-C
viruses. J. Virol. 17: 43-50, 1976.
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ical mechanisms in glucocortic:)id hormone induction of mouse mammary tumor
virus. Virology 69: 148-156, 1976.

Parks, W. P., Hubbell, E. S. , Goldberg, R., O'Neill, F. J. and Scolnick, E.

M. : High frequency variation in mammary tumor virus expression in cell

culture. Cell (in press).

Parks, W. P., Howk, R. S., Anisowicz, A. and Scolnick, E. M.: Deletion
mapping of Moloney type-C virus polypeptide and nucleic acid expression
in different transforming virus isolates. J. Virol

.

(in press).

Scolnick, E. M., Goldberg, R. J., Williams, D. and Parks, W. P.: Character-
ization of rat genetic sequences of Kirsten sarcoma virus: A distinct class
of endogenous rat type-C viral sequences. J. Virol

.

(in press).
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The mechanism of release of active a subunit from dimeric ag AMV DNA poly-

merase has been elucidated. The a subunit v^/as released upon direct but

limited exposure of the purified aB enzyme to CM-bound trypsin matrix.

Electrophoretic analysis of digested enzyme revealed a progressive frag-

mentation, with simultaneous increase in the a subunit and decrease in B

subunit. Stochiometric analysis indicates that there are two active groups

essential for activity with the « subunit and one with the cxB. We have

shown the presence of type-C virus in lymphosarcoma in fish (Northern pike,

Esox luaius) . The reverse transcriptase associated with the virus has many

similar characteristics known to many transcriptases of mammalian or avian

origin. The striking difference between the pike enzyme and other poly-

merases is its low temperature optimum activity profile which may play a

role in the seasonal nature of the appearance of the disease.
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Project Description

Objectives:

The scope of this investigation is aimed at contributing to the understanding
of the mechanism of viral replication with an emphasis on the eventual under-
standing of cell transformation by RNA tumor viruses. The study of the sub-
units and activities of the reverse transcriptase will be used to study viral
replication.

Methods Employed :

(1) AMV DNA polymerase was prepared in large quantities by utilizing pyran-
sepharose affinity fractionation and elution with specific templates. This
process combines affinity fractionation and affinity elution. The resulting
protein appears to be homogenous. Such state of purity is prerequisite to

most of our studies.

(2) Solid phase treatment of precursors by carboxymethyl cellulose-bound
trypsin.

(3) Chemical modification of viral RNA by chloroacetaldehyde.

(4) Immune precipitations utilizing ^^c alkylated polymerase, and analysis
by SDS gel electrophoresis.

Major Findings :

(1) Mechanism of release of active a subunit from dimeric avian myeloblastosis
virus DNA polymerase: Storage of the dimeric (ap) form of avian myeloblastosis
virus (AMV) DNA polymerase in glycerol results in the release of the smaller
a subunit, as detected by glycerol gradient sedimentation. Analysis by SDS-
polyacrylamide gel electrophoresis of enzyme stored in glycerol showed the
concomitant appearance of several polypeptides and a lowering in the level of
both 3 and a components. This reduction appears to be the result of
cleavages introduced by traces of proteolytic enzyme activity present in

glycerol samples. An enhancement of a subunit released, as detected by
activity profile, was also achieved upon direct but limited exposure of
purified AMV DNA polymerase to carboxymethylcellulose(CM)-bound trypsin matrix.
Electrophoretic analysis of digested enzyme revealed a progressive fragmenta-
tion, with simultaneous increase in the a subunit and decrease in the
3 subunit.
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(2) Inactivation of Avian Myeloblastosis Virus (AMV) DNA polymerase by
specific binding of pyridoxal 5 '-phosphate to triphosphate binding site:
AMV DNA polymerase is inactivated by preincubation with pyridoxal 5'-

phosphate (PLP). This inactivation is relatively specific since various
PLP analogs cause little or no inactivation. This effect is reversible
but can be made irreversible by reduction with sodium borohydride; the
reduced PLP adduct exhibits a new absorbance maximum at 325 nm and a

fluorescence emission at 392 nm when excited at 325 nm. The evidence
presented suggests the formation of a Schiff base between PLP and a nucleo-
philic residue of AMV DNA polymerase. The presence of a deoxynucleoside
5'-triphosphate (TTP) protected the enzyme from inactivation. Reduction
of the PLP enzyme complex in the presence or absence of a deoxynucleoside
5' -triphosphate showed that thsre were two reacting groups essential for

activity with the a subunit whereas only one such essential group was
detected with the ag enzyme. Furthermore, one of these essential amino
acid residues is protected from PLP when the a and 6 subunits are associated.

(3) The polymerase and RNase H activities both residue on the same molecule
of AMV DNA polymerase but occupy separate sites: Heat inactivation experi-
ments lead us to investigate the possibility of dissociating the polymerase
from the nuclease (RNase H) activity by heat treatment. Upon heating enzyme
fractions at 40° for 20 minutes, RNase H activity was retained with a con-
comitant loss of the polymerase activity. Comparision of energy of activation
for the polymerase activity EA = 9.8 Kcal/mole and that for the RNase H Ea =

59 Kcal/mole shows a significant difference. This strongly suggests that few
if any of the amino acid residues which make up the respective active sites
are shared. These results imply that the two activities have independent
catalytic and perhaps binding sites. In addition, this treatment can be

adapted as a procedure for the preparation of RNase H free of all polymerase
activity. Immunological data also indicates the distinct nature of these
two activities. Purified IgG against the a subunit inhibits the polymerase
activity of both the a and aB enzyme forms; however, it only inhibits the
RNase H activity of a and has no effect on the RNase H activity of ag. The
reverse is also true. Purified IgG against a3 inhibits the polymerase
activities of both a and ag and its own RNase H, but it does not inhibit
the RNase H activity of a.

(4) Inhibition of oncornavirus DNA polymerases by the anthracycline ring:
Adriamycin, rubidazone, 1 ,3-dihydro-daunomycin, dauno-mycinone, and
daunorubicin were found to inhibit avian myeloblastosis virus and murine
leukemia virus (Rauscher) DNA polymerase activity. Inhibition was primarily
due to the tetracyclic planar ring common to the anthracycline compounds.
Addition of template lowered the level of inhibition. The degree of inhibi-
tion was not altered by the addition of enzyme. Inhibition was template
specific for the templates tested: activated DNA, synthetic hybrids,
poly rA-dT-12-18 and poly rC-dG-|2-18. and the synthetic copolymer, poly(dA-dT).

The drugs exhibited little inhibition of mammalian DNA polymerases. They
were also less effective inhibitors of various bacterial polymerases compared t
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to viral enzymes. The differential inhibitory effects indicate the anthra-
cycline compounds exert a specificity of inhibitory activity for the viral

polymerase.

(5) The presence of C-type virus in lymphosarcoma in fish (Northern pike,

Esox lucius ): The Northern pike ( Esox lucius ) is a highly prized fresh water
fish both as a game fish and as a commercial species. Epizootics of lympho-
sarcoma occur widely in North American pike and in Old World. The tumor in

pike has been found with an overall tumor frequency of 20.9%, which is the
highest frequency of a malignant neoplasm in any known free-living vertebrate.
Epizootiological evidence suggests that the disease is horizontally trans-
mitted in nature. In an attempt to resolve the etiology of the disease, we
have investigated for the presence of oncornavirus in the pike lymphoma. The
results demonstrate that pike lymphoma contains a reverse transcriptase
activity present in a structure possessing the density of an RNA tumor virus.

Particulate fraction which possessed this activity when pelleted and prepared
for electron microscopy, contained virus particles similar in appearance to

known RNA tumor viruses. The seasonal nature of the appearance of the pike
lymphoma prompted us to examine the temperature profile of the reverse tran-
scriptase activity. At 5°C it exhibits 82% of its optimum activity and at

35°C only 35% of its activity is retained with an optimum at 20°C. The

high activity of the enzyme at low temperatures correlates with the water
temperatures at which the tumor develops in nature. The warm water period
of summer (non-permissive temperatures) may explain the seasonal periodicity
of the disease and the mechanism of the spontaneous regression observed.

Significance to Biomedical Research and the Program of the Institute :

It is clear that the formation, the maintenance, and the expression of pro-
virus are the central features of the life cycle of RNA tumor viruses. Many
questions related to these aspects are unsettled. Elucidation of the nature
of the enzymes and other factors involved in each step of viral replication
and of their mechanism of action will be essential to gain an understanding
of the process of oncogenesis induced both by exogenous and endogenous viruses,

Proposed Course :

(1) To elucidate the detailed mechanism and mode of catalysis of AMV DNA
polymerase. To study the biochemical events that are involved in the mutual
recognition of the polymerase and its cognate RNA, To examine the sequence
of events which occurs during the binding of substrates to the polymerase
and subsequent catalysis with an emphasis on the role of 4S tRNA^i^P primer.

To elucidate primer nucleotide sequences essential for specific binding to

the polymerase by using purified tRNAs having sequences similar or different
than tRNAtrp primer.
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(2) To explore the possibility whether the reverse transcriptase is

phosphorylated in vivo and if this in turn regulates the transcription
process.

(3) To study the mechanism of transcription using enzymatically modified
AMV DNA polymerase (phosphorylated).

(4) To identify precursors to AMV reverse transcriptase and study the
mechanism of cleavage to active enzyme molecule.

(5) To design specific active site probe in an effort to elucidate the
amino acid sequence at the active site, thus one can look at the evolution
of this site.

Publ ications :

Papas, T. S., Lin, M. and Chirikjian, J. G.: Modified viral RNA as a

specific active site probe for AMV DNA polymerase. Proc. Natl. Hellenic
Congress of Oncology 2: 443-451, 1975.

Chirklkjian, J. 6. and Papas, T. S.: Affinity fractionation of DNA poly-
merases from viruses and viral transformed cells. Proc. Natl. Hellenic
Congress of Oncology 2: 452-461, 1975.

Chirikjian, J. G., Rye, L. and Papas, T. S.: Affinity chromatography of
viral DNA polymerase on pyran-sepharase. Proc. Natl. Acad. Sci. ( USA ) 72:

1142-1146, 1975.

Chirigos, M. A. and Papas, T. S. : Immunological and chemotherapeutic
prevention and control of oncogenic viruses. Adv. Pharmacol. Chemother.
12: 89-124, 1975.

Papas, T. S., Chirikjian, J. G., Woods, W. A. and Chirigos, M. A.: Active
site probes and the selective inhibition of RNA tumor viral DNA polymerase.
Fogarty International Center Proceedings , No. 28, U. S. Government Printing
Office, Washington, D. C. (in press).

Woods, W. A. and Papas, T. S.: The effect of levamisole on in vitro para-
meters of immune response. Fogarty International Center Proceedings , No.

28, U. S. Government Printing Office, Washington, D. C. (in press)!

Papas, T. S. and Schafer, M. A.: The effect and mode of action of anthra-
cycline compounds on oncornavirus DNA polymerase activity. Ann. N. Y. Acad.

Sciences (in press).
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Papas, T. S. and Pry, T. : Inactivation of Avian Myeloblastosis Virus (AMV)

DNA polymerase by specific binding to pyridoxal 5'-phosphate to triphosphate
binding site. Proc. X Internatl . Congr. of Biochem. (in press).

Chirikjian, J. G., Samuel, K. and Papas, T. S.: Release of the a subunit
from AMV DNA polymerase. Proc. X Internatl. Congr. of Biochem. (in press).

Papas, T. S. , Marciani, D. J., Samuel, K. and Chirikjian, J. G.: Mechanism-
of release of active a subunit from dimeric a3 Avian Myeloblastosis Virus DNA
polymerase. J. Virol

.

(in press).
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The mechanisms by which the genetic and non-genetic factors which

influence mammary tumor virus expression in mice have been examined.

The glucocortoid hormone dexamethisone has been found to induce high

levels of mammary tumor virus-specific RNA in the absence of C-type

viral RNA in mammary tumor cell lines from mice. The mechanism by

which the hormone induces this RNA has been investigated and has been

found to be a primary effect of glucocorticoids not requiring new

protein synthesis. An in vitro assay has been developed to study

this which allows in vitro the detection of viral -specific RNA and

the factors which regulate viral synthesis. Conclusive genetic data

has been obtained that mouse mammary tumor virus expression is

naturally genetically determined and is a primary cause of mammary

tumors in mice.
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Project Description

Objectives:

Overall - an understanding of genetic and nongenetic factors which
influence levels of virus expression.

(1) Development and application of quantitative techniques for measurement
of vn^ vitro viral RNA transcription.

(2) Utilization of chromatin fractionation techniques for in vitro study
of RNA tumor viruses.

(3) Isolation and characterization of naturally occurring cell variants
with widely different levels of virus expression.

(4) Conclusive genetic data that mouse mammary tumor virus expression is

naturally genetically determined. Identification of chromosomal linkage
group associated with MMTV expression.

Methods Employed :

(1) Tissue culture methods include maintenance of cell lines, isolation
of cells directly from tumors, histopathology, cloning techniques and
somatic cell hybridization.

(2) Virologic methods include virus propagation, purification, identifica-
tion, host range analyses and studies of virus-virus interaction in

infected cells.

(3) Biochemical procedures include subcellular fractionation, isolation
and purification of enzymes, and nucleic acid hybridization for measure-
ment of viral RNA levels. Other methods are indicated below.

(4) Inmunologic studies include purification of proteins, preparation
and testing of reagents and various immunoassays for measurement of viral
protein levels.

(5) Both Mendalian and recombinant-inbred line techniques are employed
for genetic assays in mice.
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Major Findings :

(1) Glucocorticoid hormone induction of MMTV RNA sequences in mouse
tissue cells was detected 30 minutes after addition of the hormone.
This increase in RNA could be blocked by actinomycin D but not by

inhibitors of DNA or protein synthesis, indicating that MMTV induction
requires new RNA synthesis. MMTV viral proteins did not increase after
glucocorticoid stimulation until 4 hours, suggesting that the sequence
following glucocorticoid stimulation is new viral RNA synthesis and then

protein synthesis.

(2) The cytoplasmic glucocorticoid binding protein which is required
for induction of MMTV has 2 sulfhydral reagent sensitive binding sites.

Binding the receptor with glucocorticoid protects one of these sites.

The other site appears to be essential to the binding of the glucocorticoid-
receptor complex to DNA, its presumed primary site of action. These
results suggest that the glucocorticoid cytoplasmic binding protein is a

DNA-binding protein whose structure can be specifically studied and
correlated with one of its presumed functions, MMTV induction.

(3) Clonal cell populations of mammary tumor tissue culture cells undergo
spontaneous variant formation. Cells with relatively high levels of MMTV
(1-2% of total cell RNA and protein) spontaneously alter every 200-400
generations to produce a daughter cell with at least a 10-fold lower level

of MMTV. Evidence suggests that most of the variants so far examined
have evidence of transcriptional alterations in levels of viral-specific
RNA. Both high and low clones are induced by glucocorticoids from their
constitutive levels to 10-fold higher levels.

(4) Expression of MMTV in tissue culture cells is subject to at least two
types of positive control. Glucocorticoid induction is one form. The
other form of positive control is the cis-dominance of MMTV expression in

mouse-mouse somatic cell hybrids. These results suggest that specific
local factors at or near the site of MMTV chromosomal integration play
a major role in determination of virus expression.

(5) Using a new technique that measures rates of RNA transcription
glucocorticoid induction of MMTV-specific cellular RNA has been shown to

result primarily from an increased rate of RNA synthesis. The difference
between high and low cell clones as measured with this new assay is also
due to differences in relative rates of synthesis.

(6) Two independent methods which fractionate nuclear chromatin, the

complex of cell DNA and associated proteins, RNA, etc., into template
inactive ("heterochromatin") and template active ("euchromatin") failed
to correlate with biological observations. Using type B (MMTV) and

type-C (MuLV) viruses as probes for DNA sequences and cells expressing
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one but not the other virus (active and inactive), separated template
active chromatin fractions had comparable amounts of viral DNA independent
of the biologic expression of the viruses in the starting cells. These
results suggest that regulation of viral expression is more subtle than
currently available methods of chromatin fractionation and that new
techniques or concepts may be required for further progress in forming
in vitro transcription systems.

(7) Mendalian genetic studies were completed using GR males and C57B16
females with backcrosses to the low MMTV expressing C57B16 females. MMTV

expression in milk was the marker examined. MMTV expression was dominant
in all crosses and had a predominantly single gene inheritance pattern.

This apparently straightforward interpretation was greatly complicated
by the observation that many intermediate levels in milk virus production
were observed in backcrosses and that parity greatly influenced MMTV

expression. It appears that there is likely a single dominant gene
determining susceptibility to MMTV expression but that the overall control

of MMTV expression is multifactorial.

Recombinant-inbred (RI) lines between C3H/HeJ and C57L/J,a high and

low MMTV expressing mouse strains, also indicate the dominance of MMTV

in outcrosses and that Bittner's classic maternal influence is only opera-
tive in situations of very high milk levels of MMTV. Analysis of MMTV
milk expression in 14 RI lines indicates that the major locus affecting
MMTV expression is located on a specific autosomal chromosome. In both
genetic studies, there is a high positive correlation between high virus

expression and mammary tumor incidence.

Significance to Biomedical Research and the Program of the Institute :

The regulation of inherited cellular DNA sequences at the level of
transcription governs many cancers that are not the result of mutational
events (and perhaps even many of those). Thus, transcriptional regulation
is of central relevance to problems of differentiation and development.
Since viruses are stably integrated nucleic acid sequences in mouse cells
and because it is possible to prepare nucleic acid probes and proteins
from these viruses, transcriptional regulation can best be approached
using RNA-containing tumor viruses. The availability of two distinct
RNA viruses both endogenous to mouse cells, a specific hormonal effect
on the virus associated with breast cancer in mice combined with many well

characterized cell lines, suggest strongly that results from this system
will have widespread biologic significance.
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Proposed Course :

Further development of assay for 1n vitro transcription and characterization
of transcription products. Efforts to reconstruct in vitro (cell-free)
induction system with MMTV cell nuclei and hormone-receptor complex will

be explored. Conditions for isolation of subcellular transcriptional
components with maximal biologic faithfulness will be determined.

Publications :

Parks, W, P., Scolnick, E. M. and Ransom, J. C: Glucocorticoid induction

of murine mammary tumor virus in vitro. Cold Spring Harbor Symposium 39:

1151-1158, 1974.

Scolnick, E. M. , Goldberg, R. J. and Parks, W. P.: A biochemical and

genetic analysis of mammalian RNA-containing sarcoma viruses. Cold

Spring Harbor Symposium 39: 885-895, 1974.

Parks, W. P., Ransom, J. C, Young, H. A. and Scolnick, E. M.: Mammary
tumor virus induction of glucocorticoid: Characterization of specific
transcriptional regulation. J. Biol. Chem. 250: 3330-3336, 1975.

Young, H. A., Scolnick, E. M. and Parks, W. P.: Glucocorticoid-receptor
interaction and induction of murine mammary tumor virus. J. Biol . Chem.

250: 3337-3343, 1975.

Howk, R. S., Anisowicz, A., Silverman, A. Y., Parks, W. P. and Scolnick,
E. M.: Distribution of murine type B and type C viral nucleic acid
sequences in template active and template inactive chromatin. Cell 4:

321-327, 1975.

Parks, W. P. and Rapp, F.; Prospects for herpesvirus vaccination safety

and efficacy considerations. Progress in Medical Virology 21 : 188-206,

1975.

Parks, W. P., Noon, M. C. , Gilden, R. and Scolnick, E. M.: Serological
studies with low molecular weight polypeptides from the Moloney strain of

murine leukemia virus. J. of Virol

.

15: 1385-1395, 1975.

Noon, M. C, Wolford, R. G. and Parks, W. P.: Expression of mouse mammary
tumor viral polypeptides in milks and tissues. J. Immunol

.

115: 653-658,
1975.

Young, H. A., Parks, W. P. and Scolnick, E. M.: Effect of chemical
inactivating agents on glucocorticoid receptor proteins in mouse and

hamster cells. Proc. Natl. Acad. Sci. (U.S.A.) 72: 3060-3064, 1975.

1466



Project No. Z01-CP-04928-04-LTVG

Scolnick, E. M., Howk, R. S., Anisowicz, A., Peebles, P. T., Scher, C. D.

and Parks, W. P.: Separation of sarcoma virus specific and leukemia virus

specific genetic sequences of Moloney sarcoma virus.. Proc. Natl. Acad. Sci

.

( U.S.A. ) 72: 4650-4654, 1975.

Heston, W. E. and Parks, W. P.: Mammary tumor virus and host genome in

the transmission and causation of mammary tumors in mice. Symposium on

Cancer and Genetics at the 12th Annual Meeting of the Genetics Society of

Canada, University of Regina, Regina, Saskatchewan, Canada, June 4-6, 1975.

Canadian Genetics and Cytology 17: 493-502, 1975.

Scolnick, E, M. , Young, H. A. and Parks, W. P.: Biochemical and physiologi-

cal mechanisms in glucocorticoid hormone induction of mouse mammary tumor
virus. Virology 69: 148-156, 1976.

Goldberg, R. J., Levin, R., Parks, W. P. and Scolnick, E. M.: Quantitative
analysis of the rescue of ribonucleic acid sequences by mammalian type-C
viruses. J. Virol. 17: 43-50, 1976.

Parks, W. P., Hubbell, E. S., Goldberg, R. J., O'Neill, F. J. and Scolnick,

E. M.: High frequency variation in mammary tumor virus expression in cell

culture. Cell (in press).

Parks, W. P., Howk, R. S., Anisowicz, A. and Scolnick, E. M.: Deletion
mapping of Moloney type-C virus polypeptide and nucleic acid expression
in different transforming virus isolates. J. Virol

.

(in press).

Scolnick, E. M. , Goldberg, R. J., Williams, D. and Parks, W. P.:

Characterization of rat genetic sequences of Kirsten sarcoma virus: A

distinct class of endogenous rat type-C viral sequences. J. Virol

.

(in

press).
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SUMMARY OF WORK (200 words or less - underline keywords)

The mechanism of reverse transcription of viral or natural mRNAs is being
studied with emphasis to increas e size, yield and representation of DNA
products . The role of RNase H in the transcription process has not been
investigated due to the lack of specific inhibitors who preferentially
block this site without affecting the polymerase activity. Several 2',
3', cyclic nucleotides have been shown to exert such a specific inhibition.
Therefore, the transcription process will be investigated in the presence
of these cyclic nucleotides. In addition, we will be examining the
possibility whether reverse transcriptase is phosphorylated in vivo and
if this in turn regulates the transcription process. The effect of
phosphorylated enzyme in vitro will also be investigated in an effort to
see if such enzymatic modification affects transcription.
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Project Description

Objectives:

The scope of this investigation is aimed at contributions to the understanding
of the mechanism of viral replication with an emphasis on the eventual under-
standing of cell transformation by RNA tumor viruses.

Methods Employed :

(1) AMV DNA polymerase was prepared in large quantitites utilizing pyron-
sepharose affinity fractionation. This one-step purification provides
homogenous enzyme which is essential for our work. The smaller subunit was
prepared from the a3 complex AMV DNA polymerase by limited exposure to

carboxymethyl cellulose (CM)-bound trypsin matrix.

(2) Viral 70S RNA is being extracted from AMV as well as RLV under ribo-
nucl ease-free conditions.

(3) Rabbit globin mRNA was isolated as described by Neinhuis with minor
modifications. Total RNA was passed over an oligo{dT)-cellulose column and

further purified by sucrose gradient centrifugation. Enzymatic synthesis
of cDNA and characterization was carried out according to published procedures.

Major Findings :

(1) My effort has been concentrated mainly in the area of methodology
(purification of AMV polymerase, setting up polyacrylamide slab gels in

98% formamide for characterization of DNA transcription products).

(2) Examined the effect of several cyclic nucleotides on RNase as well as

the polymerase activities of AMV DNA polymerase.

Significance to Biomedical Research and the Program of the Institute :

It is clear that the formation, the maintenance, and the expression of
provirus are the central features of the life cycle of RNA tumor viruses.
Many questions related to these aspects are unsettled. Elucidation of
the nature of the enzymes and other factors involved in each step of viral
replication and their mechanism of action will be essential to gain an
understanding of the process of oncogenesis induced by exogenous and
endogenous viruses.
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Proposed Course :

(1) To study the mechanism of transcription of viral as well as mRNAs in

vitro with emphasis to increase size, yield and representation of DNA

products.

(2) To examine the role of RNase H in the transcription process.

(3) To examine the possibility whether reverse transcriptase is phosphory-

lated in vivo and if this in turn regulates the transcription process.

(4) To examine whether AMV polymerases can be phosphorylated in vitro and

whether this enzymatic modification affects transcription.

Publications :

None

i

>^.^

•
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SUMMARY OF WORK (200 words or less - underline keywords)

Studies were carried out on hamster bladder tumors with regard to virus

detection and identification. Tumors were induced in hamsters by direct

inoculation of Rh 911 strain of SV40 virus obtained from Flow

Laboratories. Transformation of normal cells in tissue culture took

about 21 days, whereas formation of tumors in hamsters took about 2-3

months. These tumors were studied under electron microscope as tumors

and maintained in tissue culture. Electron microscopic studies revealed

I the presence of type C RNA tumor virus particles with all their budding

stages. Also observed were H type virus-like particles with typical

spikes. No virus particles could be detected in normal bladder. Further

studies along these lines are in progress.

i
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•Project Description

Objectives :

(A) Ultrastructural study of hamster bladder tumors.

(B) Ultrastructural study of bladder tumor cells in tissue culture.

(C) Viral detection tests for tissue culture cells - fluorescent-antibody
and RNA polymerase assay.

(D) Study of normal bladder as a control.

Methods Employed :

The bladder tumor and normal bladders were processed for electron microscopy.
The bladder tumor and normal bladder were maintained in tissue culture and
processed for electron microscopy. The supernatant of tissue culture cells
was processed for RNA polymerase assay. Tissue culture cells were grown on
cover slips and processed for fluorescent-antibody test. The electron
micrographs and test results are being interpreted, evaluated and prepared
for publication.

Major Findings :

Cell transformation was brought about by Rh 911 strain of SV40 obtained from
Flow Laboratories. Transformation of cells in tissue culture took place in

about 21 days, whereas the development of tumors in hamsters took about 2-3

months, following inoculation. Electron microscopic studies of these tumors
showed the presence of type-C RNA virus type particles, with its character-
istic budding. All intermediate stages of budding were observed, both in

tumor cells grown in tissue culture and in tumors.

Also observed were H type of virus-like particles. These particles had
spikes and much fewer as compared to C type particles. No virus particles
were observed in normal bladder, both as a tissue excised from hamsters
and normal bladder cells grown in tissue culture.

The fluorescent-antibody staining test using anti-Moloney/antibody conjugated
with fluorescein isothiocyanate gave positive result. RNA polymerase assay
using ^h-TTP showed 3.872 picomole of incorporation per ml of supernatant
of cell culture.

c

1472



I
Project No. Z01-CP-04961-01-LTVG

Significance to Biomedical Research and the Program of the Institute :

Ultrastructural studies on cancer tissues and of oncogenic viruses in

relation to neoplastic diseases have contributed significantly to the
Virus Cancer Program. Special emphasis has been laid on the detection
and identification of viruses, resembling the known oncogenic animal
viruses, in the animal and human tumors and cell cultures, established
from these viruses. Collaborative investigations with other NCI in-

vestigators have provided necessary support on the ultrastructural
aspect of the research project.

Proposed Course :

To make up clones from cells of bladder tumor and normal bladder and
repetition of above-mentioned tests and incubation of cultures with 3

drops of colchicine overnight and staining chromosomes to check purity
of cell lines.

Also in progress is ultrastructural study on human prostrate tumors,
also grown in tissue culture.

I
Publications:

None

I
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SUMMARY OF WORK (200 words or less - underline keywords)

Nonproducer cells transformed by the feline sarcoma virus have been isolated.

Some strains of feline sarcoma virus contain FeLV p30 reactivity and some do

not. These cells are being used to prepare DNA probes complementary to the

oncogenic sequences of the feline sarcoma virus. Such a probe would provide

a potent tool for studying cancer in an outbred population.

PHS-6040
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Project Description

Objectives :

The purpose of this project is to develop a probe specific for the oncogenic

sequences of feline sarcoma virus. Such probes have been developed for

murine viruses in the past. A probe for a naturally occurring feline virus

would allow studies of the epidemiology of this oncogenic information in an

outbred population.

Methods Employed :

Focus assays on various contact-inhibited cell lines are used to isolate

nonproducer cells from stocks of feline sarcoma virus. Different pseudotypes

of the viruses are prepared containing fesv and heterologous helper viruses.

Ratios of the viruses are measured by nucleic acid hybridization using SI

nuclease. Probes are fractionated on hydroxiapatite and cesium sulfate.

Major Findings :

(1) Nonproducer cells have been isolated from the Snyder-Theilin sarcoma

virus and the Gardner sarcoma virus.

(2) Some nonproducers make p30 protein and some no structural proteins.

(3) Pseudotypes have been prepared with a 1:1 ratio of sarcoma virus to

helper virus.

Significance to Biomedical Research and the Program of the Institute :

Preparation of a probe for the oncogenic sequences of the sarcoma virus

from an outbred population will be important for determining the role of

these sequences in naturally occurring cancer.

Proposed Course :

Probes will be prepared from the pseudotypes and adsorbed to remove all

feline and heterologous helper sequences. This probe will be tested with

various isolates of Fesv to determine the sarcoma-specific portion.
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Publications :

Goldberg, R. J., Levin, R., Parks, W. P. and Scolnick, E. M. : Quantitative

analysis of the rescue of ribonucleic acid sequences by mammalian type-C

viruses. J. Virol. 17: 43-50, 1976.
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SUMMARY OF WORK (200 words or less - underline keywords)

The expression of endogenous RNA tumor viruses is a significant factor
in determining cancer in many mammalian species. The cellular control
of this expression is of importance to understand in order to develop
methods to prevent the expression of this oncogenic sequences. The
current project has developed a sensitive in vitro technique to measure
the transcript in vitro of endogenous genetic information. This assay
will allow the investigation in vitro of biochemical factors necessary
for transcriptional regulation of endogenous viral information.
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Project Description

Objectives:

The objectives of this project are the development of an in^ vitro assay
to quantitate viral RNA transcription in vitro from nuclei and chromatin
in order to study the transcriptional regulation of endogenous RNA tumor
virus genes. Conventional assays are much too insensitive for the
detection of such transcriptional product and a new assay was required
in order to perform such experiments.

Methods Employed :

A solid phase assay has been developed for the protection of the tran-
scriptional products of RNA tumor virus transcription in vitro . The

assay is based on the capture on a modified sepharose column of the

hybridized transcript of an RNA tumor virus. This assay has sensitivity
approximately 100 times greater than conventional assays for detecting
hybridization. The reason for the enhanced sensitivity is an extremely
low background which is approximately 0.002 percent of the input transcribed
counts.

Major Findings :

(1) With this assay, it has been possible to show in isolated nuclei from

C-type and B-type infected cells that approximately 1 to 3 percent of the

original transcript represents viral-specific information.

(2) The treatment of cells with glucocortocoid hormones leads to an

increased rate of transcription in nuclei of viral -specific information.

(3) The assay has allowed the beginning attempts to fractionate nuclei

and chromatin into the components necessary for the transcription of

endogenous viral genes.

Significance to Biomedical Research and the Program of the Institute :

It is abundantly clear that endogenous viral genomes are regulated by the

cell in their expression. The control of regulation of these endogenous
genomes represents one major determinant in the etiology of cancer in a

given cell. Therefore, the development of techniques to be able to measure
the factors in vitro and to find out the biochemical factors which regulate
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transcription will be of importance to developing future methods to prevent
the expression of such genes to the cell.

Proposed Course :

The project will attempt to fractionate nuclei and the components within
nuclei which are necessary for the expression of endogenous tumor virus
genes. This will require the preparation of RNA polymerases from mammalian
cells, the fractionation of chromatin from manmalian cells, and the other
proteins which are required for the expression of endogenous viral genes.

It is hoped in the next year to be able to reconstruct in vitro many of the

biochemical factors needed to selectively transcribe viral genes from among
the million-fold excess of other cellular genes in mammalian cells.

Publications :

None
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Project Description

Objectives:

The objective of this project is to identify the mechanism by which a

leukemia virus, the Friend strain of murine leukemia virus, causes
erythroblastosis in mice. The Friend leukemia virus causes a rapid
erythroid leukemia when injected into the permissive animals and provides
currently the best system for studying the mechanism of leukemogenesis
of a leukemia virus. The available evidence suggests, analogous to

mammalian sarcoma viruses, that the Friend virus is defective for
replication and requires a helper. The objective of this project is to

identify the sequences and proteins responsible for the leukemogenesis
of the Friend virus.

Methods Employed :

(1) Tissue culture methods include the careful cloning of the various
helper viruses in the Friend virus stocks and the cloning of the defective
transforming virus in order to study it free of the helper virus.

(2) Acryl amide gel analysis of the RNA species present in both transforming
isolates and non-transforming isolates.

(3) The preparation of DNA probes from Friend leukemia virus stocks and

the absorption from these probes of the replicating sequences to leave
behind the transforming sequences. These methods involve nucleic acid

hybridization techniques, including SI nuclease, hydroxyaptite, and cesium
sulphate analysis.

(4) The development of an in vitro transformation assay for Friend leukemia

virus.

Major Findings :

(1) The Friend leukemia complex has been cloned into two components, a

type-C helper virus which is nonleukemogenic in animal and a defective
virus which causes the erythroleukemia.

(2) A DNA probe has been prepared which is being tested for its information

content to determine if the Friend virus has leukemia-specific sequences.

(3) The Friend virus which causes erythroleukemia has been found to have

a smaller RNA subunit than the accompanying helper.
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Significance to Biomedical Research and the Program of the Institute :

The mechanism by which leukemia viruses actually cause leukemia are

completely unknown in any model system. The ability to identify a gene

product coded for by an RNA virus which actually caused the leukemogenic

event would allow us to study other leukemia systems where such large

numbers of particles apparently are not produced.

Proposed Course :

The project will attempt to characterize further the DNA probes prepared

from the Friend leukemia virus and identify the sequences present in it

which code for the transforming event. This probe will be used to perform
epidemiologic studies in rodents and primates to characterize the erythroid

leukemia-inducing genetic material in an attempt to isolate the proteins
responsible for erythroleukemia.

Publications :

None

m
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The preneoplastic mammary gland and mammary tumors from different strains

of mice were examined by electron microscopy to study virus-cell inter-

action and in vivo transformation. The role of virus (MTV) in the trans-

formation of preneoplastic cells could not be established due to the

simultaneous observation of virus particles and transformation of mammary
gland cells. However, it was significantly observed that in GR strain

mouse mammary tumors the virus is released primarily by the secretory

process whereas in DD plaques and C3H-Avy nodules the virus was

released by the budding process .
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Project Description

Objectives:

(A) Study of virus-cell interaction during various development stages of
mouse mammary tumors.

(B) Electron microscopic study of human carcinomas, especially mammary and
renal carcinomas, for virus or virus-related particles.

(C) Morphological study of murine myeloma (MOPC-21 ) to correlate with bio-
chemical studies.

(D) Investigations on various types of virus particles detected in hamster
bladder tumor.

Methods Employed :

The tissues from mouse mamnary glands, in their early as well as late stages
of development, from GR and DD strains of mice were processed for Litton
Bionetics through Viral Oncology Resources and Services for preliminary
studies to detect virus-related "small particles", by electron microscopy.
Similarly the specimens received from collaborating investigators, to study
morphology of virus particles in mouse myeloma and in hamster bladder tumor,
were studied by thin section electron microscopy. The electron micrographs
were interpreted and evaluated for publications.

Major Findings :

(A) Investigations were continued to study virus-cell interaction for in

vivo transformation of mouse mammary gland cells. The mammary gland plaques
as well as early and late mammary tumors from GR and DD strains of mice, and

mammary gland nodules of CsH-Avy mice were investigated by light and electron
microscopy. The plaques, considered as hormone or pregnancy dependent pre-
neoplastic tumors, show common features to both the normal mammary gland and
the well developed mammary tumors. In the plaques it is observed that a

group of epithelial cells in a lobule are transformed by losing orientation
around the small central ductule. No significant morphological changes were
observed in the transformed plaque cells except prominent nucleoli, and
enormous increase of ribonucleoprotein granules. The role of virus (MTV) in

the transformation of plaque cells could not be established, as they were
simultaneously observed intracytoplasmically (type-A) and extracellularly
(type-B) in the ductules. The former were much more in abundance in GR
plaques than in DD plaques. In GR mammary tumors, the virus particles seemed
to be released by the secretory process whereas in DD plaques the virus was
released by the budding process, at the tips of the villi. Both the mature
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tumors of GR and DD strains revealed typical morphology of a carcinoma with
abundant mature MTV particles in the ducts. Similarly the mammary gland

nodules of CsH-Avy, a preneoplastic condition which unlike the plaques are

not hormone or pregnancy dependent, show common morphological features with

the mammary carcinoma cells but with fewer number of virus particles. Sig-

nificantly most CsH-Avy MTV particles demonstrated morphology of immature
type-B particles with doughnut-shaped electron-lucent nucleoids.

(B) Electron microscopic search for virus or virus-related morphological
entities, especially to correlate with the biochemical marker RNA dependent
DNA polymerase, is being continued. Investigations have now been expanded
to include all available types of human carcinomas. Preliminary electron
microscopic search of "small particles" in various carcinomas is being
undertaken, to identify a type of carcinoma which contains such particles
in greater abundance, to permit their production in cell cultures for
eventual biochemical and immunological studies.

(C) In collaboration with Dr. Gottlieb, we have investigated electron micro-
scopic and biochemical characterization of virus particles in mouse myeloma
tumor (MPOC-21). Three categories of virus particles were detected in this
tumor which during the isolation of viral particles would band at between
densities of 1.16 g/cc to 1.19 g/cc. One of this category is extracellular
and resembles type C virus particles, both morphologically and immunologi-
cally. The other two categories of virus particles were observed within the

cisternae of intraci sternal type A particles which can be recovered in the
mitochondrial fraction, and they resemble morphologically and biochemically
with "Kuff's intraci sternal type A" particles. The other types of intra-
cisternal particles were morphologically distinct from intracisternal type A
particle, in their complete spherical doughnut-shaped structure and being
devoid of ribosomes on their surface. These doughnut-shaped intracyto-
plasmic particles were recovered in a fraction different but mixed with
small amounts of intracisternal type A particles. These intracytoplasmic
virus particles were found closely related to type C particles in their
consisting of RNA dependent DNA polymerase and substantial amounts of P30
antigens.

(D) Recently we have undertaken investigations, in collaboration with NCI
Surgery Branch, on hamster bladder tumor, induced in LUG/LSH hamster by
inoculation of SV40 transformed cells. Electron microscopic study of these
tumors has revealed a large number of intracytoplasmic type A particles. A
few budding type C particles were also detected in these tumor cells.
Hamster type-H virus particles were observed in the nucleus and in the cyto-
plasm. The tumor cells are being maintained in tissue culture medium and are
passaged at regular intervals. The frequency of detectiori of virus particles
in the cultured cells has increased, especially those of type C virus
particles. Various systematic experiments are being planned to investigate
if the virus particles being detected are etiological ly related to the
hamster bladder tumor or they are merely passenger viruses.
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Significance to Biomedical Research an d the Program of the Institute :

Ultrastructural studies to investigate the role of viruses in causing cancer

in animal systems have contributed significantly to the Virus Cancer Program.

Detection and isolation of viruses, resembling the known oncogenic animal

viruses, in the human tumors or from the cell cultures established from the

human neoplastic tissues will be of great importance to combat cancer;

therefore, efforts are being continued for such studies.

Proposed Course :

It is planned to continue the extensive search for virus or virus-related
particles in human carcinomas. Preliminary studies to investigate virus-
cell interaction and in vivo cell transformation of mammary gland cells has

provided only limited information and may be terminated. Also, it is

anticipated to undertake more collaborative studies with other NCI in-

vestigators.

Publications :

Chopra, H. C, Woodside, N. and Vlahakis, G. : New morphological variants

of mouse mammary tumor virus in high tumor strains of mice. Microbios 13:

41-50, 1975.

Chopra, H. C: An Oncorna-type Virus from Monkey Breast Tumor. In Mel nick,

J. (Ed.): Progress Medical Virology . Basel, S. Karger, 1976, Vol. 22 (in

press)

.
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SUMMARY REPORT

d. Laboratory of Viral Carcinogenesis
July 1, 1975 to June 30, 1976

The Laboratory of Viral Carcinogenesis (1) plans and conducts research on

virus-host relationships in viral-induced cancers with emphasis on the

detection and characterization of oncogenic viruses and the mode of viral

transmission in animals and man; (2) studies the interactions of viral and

cellular genes; (3) studies host immune mechanisms related to the control

of virus-induced cancers; and (4) conducts investigations on the molecular

processes of viral carcinogenesis. The Virus Control Section investigates

(1) the nature of transforming tumor virus sequences on the cellular,

virological and molecular levels; (2) the control of expression of viral

information in various host cells; (3) the mechanisms of reversion in various

tumor virus, transformed cells; (4) the interactions between tumor viruses

and the derivation of inter- and intra-species hybrid viruses; and (6) the

viral aspects of natural and induced immunity to endogenous tumor viruses.

The Immunology Section (1) plans and conducts research to detect RNA type C

viruses in animals and man by analysing surface antigens; (2) demonstrates
the special relationship between virus-coded surface antigens and other neo-

antigens acquired by malignant transformation; (3) characterizes the host

immune response to antigens on the surface of malignant cells and RNA

viruses, especially for the establishment of immunotherapy and/or immuno-

prophylaxis of cancer, (4) plans and initiates the study of surface

antigens of RNA viruses as well as malignant cells at the molecular level.

The Ultrastructural Studies Section (1) plans and conducts research on the

relationship of selected tumor viruses of RNA and DNA composition to their

host cells; and (2) with respect to early processes of infection, transcrip-

tion of the viral genome and induction of the transformed state, investigates

variations in the fine structure of different tumor viruses and characterizes

oncogenic and related viruses by ultrastructural identification, and studies

the structure, replication and interrelationships of the nucleic acids of

tumor viruses with their host cells. The Cell Biology Section (1) plans and

conducts research on the biology of virus-induced cancers with emphasis on

the antitumor immune response, relating particularly to the development of

clinical applications in man; (2) performs genetic analysis of malignancy at

the cellular level by cell hybridization techniques; and (3) characterizes

specific properties of cancer cells in vivo and in yi1:ro . The Viral Leukemia

and Lymphoma Section (1) plans and conducts research designed to elucidate the

role of viruses in the etiology of human neoplasms, particularly leukemias,

lymphomas and sarcomas, including studies concerning the relationship and

interaction among various mammalian Type C tumor viruses, the cellular
mechanisms that control cell susceptibility to infection, virus expression,
transmission and transformation. The Tumor Virus Detection Section (1) plans

and conducts research on the detection of tumor virus nucleic acids and

proteins in normal and neoplastic tissues of animals and humans; (2) studies
the mode of transmission and natural distribution of tumor viruses employing
techniques of molecular biology and immunochemistry; (3) investigates the

molecular events in the replication of tumor viruses; and (4) plans and
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conducts research on the nucleic acid and protein structure of known and

putative tumor viruses. The Office of the Chief coordinates the research

of the various sections while recognizing the scientific freedom of the

individual investigators. The Office establishes collaborative efforts with

investigators in other areas of NIH and elsewhere such that information

derived from studies within the Branch is constantly being applied in

investigations leading to a better understanding of the etiology of human

neoplasia.

The availability of cloned Moloney MSV stocks which had an excess of MSV

over the attending MuLV and the production of molecularly heterologous
pseudotypes such as MSV(FeLV) led to the isolation of various subsets of
cDNA sequences comprising the MSV genome. Sequential absorption of DNA

complementary to MSV, with leukemia virus or MSV pseudotype virus RNA,

resulted in a fraction of cDNA unique to MSV and a fraction of cDNA shared
with MSV and MuLV. Based on studies involving protection of viral RNA

with MSV cDNA fraction the following understanding of the MSV genome applies.

About a quarter of the MSV genome is composed of sequences found only in

MSV. These sequences are not found in several other MSV isolates such as the
Harvey or the Kirsten isolates of MSV. Various ecotropic and xenotropic
varieties of MuLV do not contain these sequences. The remainder of the MSV
sequences (-^75%) are shared with MuLV. Presumably these sequences are
responsible for the expression of MuLV structural proteins in S+L-cells of
all species transformed with this MSV isolate. The "shared" sequences of
MSV are found to various degrees in other ecotropic MuLV's and also in some
other MSV isolates which do not have the MSV specific sequences. Initial

experiments defined the presence of an accurate copy of the whole of the MSV
specific information in normal mouse cells, whereas related species showed
less MSV specific information with some mismatching of sequences. Additional
analytical explorations were performed on the structure of oncornavirus
RNA by enzymatic degradation and polynucleotide agarose affinity
chromatography. Rauscher MuLV and the HTG-1 derived MSV were found to contain
besides poly (A) stretches also poly (C) and poly (G) rich sequences.
Apparently based on homopolynucleotide stretches, four types of RNA subunits
may be found in the viral genome.

The problem of control of oncornaviruses has been considered from two points
of view. It is well known that MSV transformed cells can give rise to flat
revertants from which no MSV can be rescued. To measure the state of the
proviral MSV DNA and its expression in revertants, a heterologous feline
cell was initially transformed by MSV and cloned multiple times. The normal
cat cell did not have MSV sequences in its DNA or RNA but the transformed
cell has both MSV specific RNA and DNA. Cloned flat revertants were
derived from the MSV transformed cat cells. These cells did not express
MSV coded proteins and had no MSV specific RNA. The DNA of revertants had
no MSV specific information. This is the only known and documented example
of an elimination by the cell of a transforming DNA provirus. A second
mode of important control is the extremely strong restriction of endogenous
xenotropic virus by cells of the species from which the virus originated.
To delimitate whether restrictive control occurs before or after virus entry,
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pseudotypes of MSV were made with both murine and feline endogenous

xenotropic viruses. In all mouse cells, with the exception of a wild mouse
cell line, the MSV pseudotype could not penetrate to establish a MSV

rescuable state. In the wild mouse cells, the MSV in a mouse xenotropic
coat was able to enter, be transcribed and could establish an S+L- state.

In some cat embryo cells, MSV coated by feline endogenous xenotropic virus

could readily establish itself to become rescuable. A change in

susceptibility to entry could occur in a single cat cell line. This was

associated with the expression of the major xenotropic viral glycoprotein
on cell surface in the absence of complete virus expression.

Further examination of the role of endogenous viruses with reference to

the association with infecting oncornaviruses led to two major findings.
The first was that the endogenous xenotropic virus could contribute its

information to an MuLV which resulted in a genetically stable hybrid virus
possessing properties of both parents. This finding explains the nature
of human cell adapted MuLVs i n that those previously described variants
are not recombinants of MuLV and human oncornaviruses. Secondly, the
extent of endogenous helper virus specific information in the mouse cell is

apparently quite complex. In a strain of outbred mouse cells, chemical
Induction did not yield oncornaviruses. Yet when these cells were
transformed by MSV, the same chemical induction resulted in an egress of
a pseudotype of MSV whose coat was different from any known murine helper
virus. No replicating helper virus was detected.

Uncleaved MSV specific precursor proteins were detected in the cells of all

species transformed by the S+L- isolate of MSV. The p60 polyprotein was the
precursor to at least the p30 and the pi 5(E) proteins of MuLV. The
precursor could be enzymatically cleaved in vitro to yield smaller
antigenically active products.

Studies using molecular biology techniques demonstrated that all higher
primates, including man, contain endogenous type C viruses in their DNA.

Nucleic acid sequences related to the baboon type C viral RNA have been
detected in all genera of Old World monkeys, higher apes and man, indicating
that the baboon viruses are endogenous and have evolved from a primative
ancestor virus present in the primate stock. Antigens related to the major
structural protein (p30) of baboon type C viruses have also been detected
in normal baboon, rhesus monkey, stumptail monkey and more recently in

several human tumors.

Four single cases of interspecies transfer of oncogenic viruses were
documented by multiple criteria. This supported the concept that endogenous
virogenes of one species can code for viruses which naturally infect
animals of a second, unrelated species. These four cases are: (a) the
transfer of an endogenous primate type C virus of the RD-114/CCC type
(detectable in present day baboon and other Old World monkeys and apes) into
the germ line of the domestic cat; (b) a transfer of an endogenous virus of
the FeLV type from a rodent ancestor (detectable in present day Rattus and
Mus genera) into the germ line of the domestic cat and its close relatives;
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(c) an endogenous virus PK-15, from a murine ancestor (represented now by

Mus musculus) was transferred to a common ancestor of the domestic pig and

related species; (d) an endogenous type C virus (Gibbon Ape Leukemia Virus

and Simian Sarcoma Virus-Simian Sarcoma Associated Virus) from the rodent

Mus carol

i

or a closely related Mus species was horizontally transmitted to

certain primates (gibbon, woolly monkey and perhaps other apes and monkeys).

In comparison to the three previous cases, this latter one appears to be a

relatively recent event, since the transferred viruses have not yet been

incorporated into the genomes of the recipient primates.

Studies with in vivo hybrids and somatic cell hybrids showed that multiple

copies of type C viruses appear to be loosely linked on one chromosome.

This was shown using African Green monkey-mouse hybrids, which

preferentially segregate primate chromosomes. Both RD-114 and FeLV type C

are found in multiple copies (14-30) in the cellular DNA of all tissues of

the domestic cat. The leopard cat lacks these viral ly related sequences

in its DNA. Since leopard cats and domestic cats will produce viable

offspring, the segregation of both sets of virogenes were studied in Fl

hybrids and the progeny of selected backcrosses.

Nucleic acid sequences related to the bovine leukemia virus can be found in

the DNA of tissues from leukemic cattle but not in the DNA of tissues from

normal cattle. The BLV genome is not endogenous in the cellular DNA of

normal cattle. It thus appears that the etiologic agent causing lympho-

sarcoma or leukemia in cattle may be this infectious virus, probably
derived from another as yet undetermined species.

Studies showed that pi 2 type C phosphoprotein specifically binds to the

viral RNA of the virus from which the pl2 was isolated. The pl2 of

Rauscher MuLV and the SSAV bound selectively in vitro only to their

homologous 70S and 35S viral RNAs. Heterologous pi 2 molecules did not

compete with specific radiolabeled pi 2 protein for the viral RNA binding

sites. The resulting competition assay permits the detection of 10

nanograms of viral pi 2 protein.

The gp71 of Rauscher MuLV was found to specifically bind to murine but not

to other mammalian cells in vitro . This shows that the purified glycoprotein

retains biological activity and can form a stable complex with specific

receptors on the mouse cell membranes. gp71 binding to mouse cells is

prevented by specific anti-gp71 antiserum or by the production of related

mouse-tropic type C viruses by the mouse cell.

A bioassay in mice for human cell -mediated immunity against skin test

antigens was developed (foot-pad assay for adoptive transfer of cellular
immune response). Peripheral blood lymphocytes from patients with positive
skin test reactivity to PPD (or other skin test antigens), when mixed with

PPD and inoculated into the foot-pad of immune-suppressed mice, gave a

foot-pad delayed hypersensitivity reaction (measurable by a sensitive
radioisotopic assay) that was directly proportional to the degree of skin

test reactivity of the patients donating the lymphocytes. Their test
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appears to be clearly applicable in the model system and perhaps in the

human situation to the measurement of cellular immune reactivity to tumor
associated antigens. Specific depression of the anti-tumor foot-pad delayed

hypersensitivity response occurred when the mice were injected simultaneously
with tumor homogenates intraperitoneal ly.

Common tumor rejection antigens were demonstrated in methyl cholanthrene
induced squamous cell carcinomas of mice. This finding was in apparent
contradiction of the commonly accepted assumption that chemically-induced
tumors of rodents possess individually unique antigens.

Balb/3T3 and C3H lOTl/2 cell lines commonly regarded as standard non-
tumorigenic cell lines were shown to be tumorigenic if they were implanted in

relatively low doses (2 X 10^ cells) attached to 3mm glass or plastic beads.

A rapid method for differentiating malignant from non-malignant cells was
found by testing the ability of cells to grow on teflon surfaces. Malignant
cells will grow normally on this substrate while normal cells will not
divide. The block in the cell cycle of normal cells appeared to be in

cytokinesis in the early Gl phase.

The specificity of natural antibody in sera from healthy gibbon apes and
humans has been extensively analyzed by immunoelectron microscopy using as
targets original gibbon lymphosarcoma culture cells (GLS) which release the
large amount of type C virus (gibbon ape leukemia virus, GALV). These sera
cross-reacted with viral envelope antigens (VEA) of the SSV-GALV family as

well as the baboon endogenous type C virus (BaEV) family. In addition, the
sera also reacted with putative human type C viruses, HL23V and HEL-12V, and
with nonproducing human acute lymphocytic leukemia (ALL) culture lines, human
embryonic diploid cells and fresh uncultured human chronic myelogenous
leukemia (CML) blood cells. Among them, a preparation of soluble antigen
from the plasma membrane of human ALL cells cross-reacted with VEA of GALV.
These results suggest that putative human type C virus may widely spread
among many people and may be isolated from human cells, although these viruses
consist of two different viral components of the SSV-GALV family as well as

the BaEV family.

Soluble components were fractionated from Moloney (M) MuLV-induced leukemia
(MBL-2) cells. Based on their biological functions and molecular weights,
these components could be categorized into three classes: (a) soluble antigen
having 25,000-45,000 daltons; (b) stimulating component of cell-mediated
immunity in vitro , 50,000-90,000 daltons and (c) immunosuppressive component,
100,000 daltons-150,000 daltons. It remains still unclear whether these
components are related to M-MuLV. However, the separation of these three
components were succeeded first by this study.

Similar components to enhance or to suppress the growth of M-MuSV-induced
sarcoma were recently isolated from mouse and human blood platelets.
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A preparation of St.. pyogenes {OK-432) significantly reduced spontaneous
leukemia incidence in AKR mice. This treatment induced the interferon-
production. In addition, OK-432 accelerated the production of natural

antibodies against type C virus-associated surface antigens and stimulated
lymphocyte-mediated immunity. When compared with other adjuvant reagents,
i.e., BCG, OK-432 seems more effective. It is also of great interest that
OK-432 particularly showed clinical improvements of breast carcinoma and
acute leukemia which have been considered as seemingly caused by RNA
oncogenic viruses. Active immunization was performed by cryosurgery in

M-MSV-induced primary sarcoma. Effects of this autochthonous immunization on
host immune response was measured by lymphocyte-mediated cytotoxicity tests.
While untreated tumor-bearing mice did not show so high an increase in

lymphocyte-mediated immunity (LMI), treated mice showed significant increase
in LMI. These results correspond to those obtained in urinary bladder
carcinoma patients.

Semisyngeneic F-] hybrid mice were immunized with newly established transplant-
able AKR spontaneous leukemias. These antisera were extensively preabsorbed
with nonleukemic but wild-type Gross virus-infected AKR lymphoid cells in
order to remove antibodies against MuLV-associated surface antigens. Using
these preabsorbed antisera, the leukemia specific antigens acquired by
malignant transformation could be classified into two groups: (a) common
antigens among leukemias tested and (b) individual antigens. These antigens
differ from fetal, MuLV, thymocyte, sex-linked H-Y, E, X.l and FMR-antigens.
These results suggest the possible integration of virus into or interaction
with a certain part of cellular gene(s). To date, it has been observed that
neoantigens acquired by malignant transformation in MuTV-induced mammary
tumors had individual specificities. Consequently, the fact that leukemia-
specific neoantigens had a common specificity contrasts with that of mammary
tumors

.

Oncornaviruses contain a genomic RNA of 60-70S consisting of subunits of
30-40S which are known to be highly susceptible to degradation. In addition,
low molecular weight RNA and small amounts of ribosome-like RNA (due to
the presence of few ribosomes) are contained inside the virions. Recently,
morphological and biochemical studies revealed that the viral ribosomes and
their RNA differ characteristically from their cellular counterparts,
suggesting that they may be larger than the cellular components, thus
resembling precursor ribosomal RNA. A study was made to characterize the
length and molecular structure of both, the 30-40S subunits isolated from
heat-treated high molecular weight RNA of the avian myeloblastosis virus and
the 29S and 19S ribosomal RNA from the same virus. Histograms prepared from
the 30-40S genomic RNA revealed a surprisingly large number of molecules of
different sizes ranging between 0.3 and 2.8 um, corresponding to molecular
weights between 0.5 x 10^ and 3.0 x 10^. Only the large molecules correspond
to the 30-40S subunits. A statistical analysis of all molecules present in

a given preparation indicates a heterogeneous population of molecules with
five distinct, reproducible size groups, an observation that excludes the
assumption of random degradation of the viral genome. Histograms and
secondary structure maps were prepared from the viral ribosome-like RNA and
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compared with those obtained from ribosomal and precursor ribosomal RNA of

the host cells. Both the molecular weights and the secondary structures of

viral and cellular ribosomal RNA were; found to be identical and significantly

different from precursor ribosomal RNA. Thus, the postulated precursor

character of viral ribosomal RNA has been excluded.

Virus-like particles, similar to the "R"-particles endogenous to the hamster,

were found in three of seven human cell cultures derived from human

meningiomas and gliomas. Their occurrence in human cells has not been

reported previously. Their incidence was about 1-10% of the cells examined
by electron microscopy. Reportedly, the cultures have never been in contact

with material obtained from hamsters or other rodents. Cytogenetic studies
of the fibroblast-! ike cells verified a human chromosome pattern, deletion of

acrocentric chromosomes in heteroploid cells and possibly the presence of a

marker chromosome associated with the expression of "R" particles.

Initial observations in cloned cell cultures indicated the enhancement of the

intracellular growth of the virus by addition of glucocorticoid steroids.

Thus far, the release of the virus into extracellular space has not been

observed.

The intracellular sites of transcription of cellular RNA in early stages of
RSV infection have been studied by quantitative light and electron micro-
scopic autoradiography. Following administration of low doses of Actinomycin
D (AD), it was found that nucleolar RNA synthesis in RSV infected cells is

less sensitive to inhibition and recovery and is initiated about 80 minutes
earlier. These differences in sensitivity to the action of AD early in the

infectious cycle were found to be concomitant with an increase of nucleolus-
associated DNA and an increased retention of AD label. Parallel studies by

polyacryl amide gel electrophoresis of the classes of RNA synthesized could
confirm differences in the synthesis, not only of ribosomal and pre-ribosomal
RNA, but also of heterogeneous and 5S RNA. Results point to differences in

the regulation of transcription of cellular RNA-associated with nucleoli that
are initiated very early in the infectious cycle.

In addition to their intramural research activities, many of the senior
investigators within this Laboratory spent a substantial portion of their time
in support of the Virus Cancer Program. These investigators served as Project

Officers, Assistant Project Officers, members of coordinating committees and
in other supportive capacities. The activities of the Virus Cancer Program
and those of this Laboratory are aimed at the common goal of the determination
of the viral etiology of human cancer. While the efforts of this Laboratory's
scientists on behalf of the VCP have significantly contributed to its progress
to date, the broad scientific perspective developed by these investigators in

their VCP activities contributed greatly to the direction of the program of
this Laboratory. This interaction will continue to underscore the pursuit
of the goal of understanding the suspected interaction between tumor viruses
and human malignancy. Such a goal will be approached only through the combined
efforts of experts in widely differing disciplines within this laboratory and
those of collaborating laboratories.
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Project Description

Objectives :

These studies are aimed at the use of techniques in molecular biology

to determine a viral involvement in animal and human mammary carcinoma. The

program is divided into several major areas of interest: (a) molecular

studies of the mouse mammary tumor viruses (MMTVs), (b) molecular studies

of Mason-Pfizer Monkey Virus (MPMV) and related isolates, and (c) biochemical

evidence for an oncornavirus in human milk and human breast tumors.

Major Findings :

Radioactively labeled 60-70S RNA of various MMTVs (GR, RIII, Balb/cfC3H)

were obtained from cell cultures of mammary tumors and shown to be free of

contaminating murine leukemia viruses by a variety of techniques. These

RNAs were used in competition hybridization experiments to determine the

relationship of the genomes of various MMTVs to one another. 60-70S RNAs

isolated from the MMTVs from primary mammary tumor cultures of RIII, C3H

and GR mice were shown to share at least 95 percent nucleic acid sequence

homology. A difference was observed, however, between the MMTV derived

from early C3H mammary tumors and the MMTV derived from the CSHf mammary

tumor. Direct molecular hybridization experiments of these 3H 60-70S RNAs,

to DNAs of various organs of several mouse strains, was used to determine

the distribution of MMTV proviral DNA. The proteins of MMTV from various

mouse strains have also been compared.

The protein constituents of MPMV were also studied. MPMV was grown in four

different cell lines (CMMT, Rhesus foreskin, AV3 and Human NC-37) and the

proteins of purified virus analyzed by SDS-polyacryl amide gel electrophoresis

(PAGE). The glycoproteins of MPMV, grown in different cell lines, were also

analyzed via labeling of cultures with radioactive glucosamine and compared

to those of MMTV and MuLV.

The major external protein of MPMV is a glycoprotein with a molecular weight

of 68,000 (gp68). The internal virion proteins have molecular weights of

27,000, 20,000, 14,000, 12,000 and 10,000. When MPMV is grown in human cells,

glycoproteins with molecular weights of 48,000 and 36,000 are also detected.

These, however, appear to be cell associated proteins, since they are not

present when MPV is grown in rhesus cells.

The size and subunit structure of the RNA of Mason-Pfizer Monkey Virus (MPMV)

was studied and compared to Rauscher Murine Leukemia Virus (MuLV) RNA.

Dissociation on 60-70S RNA by heat or formamide resulted in conversion to

identical subunit structures of 2.8 x 10° daltons for both MPMV and MuLV RNA.

Treatment with lower amounts of formamide revealed a partial dissociation to

intermediate RNA structures. Complete heat dissociation of MPMV 65S RNA also

released three low molecular weight RNA species.
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The 60-70S RNA of MPMV was compared to the RNA of other oncornavirus
isolated by competetive molecular hybridization. No homology was detected

between MPMV RNA and various MMTVs, the type B BudR induced guinea pig virus,

or several rodent, feline and primate type C viruses. The RNA from

morphologically similar isolates from primate tissues, however, displayed
complete homology with MPV RNA.

Significance to Biomedical Research and the Program of the Institute :

These studies are aimed at understanding mammary cell oncogenesis on a

molecular level to determine possible viral cause-effect relationships.

Proposed Course :

To determine the variety and distribution of viral nucleic acid sequences
and proteins in the murine and primate systems with the ultimate goal of
the identification and characterization of viral markers related to human
breast cancer.

Publications :

Schlom, J., Colcher, D., Michalides, R., Schochetman, G., Young, J.,

Spiegelmen, S. and Feldman, S.: Biochemical evidence for a viral involvement
in human breast cancer. In Gottlieb, A. A. (Ed.): Fundamental Aspects of
Neoplasia. New York, Springer-Verlag, 1975, pp. 61-78.

Michalides, R., Spiegelman, S. and Schlom, J.: Biochemical characterization
of putative subviral particulates from human malignant breast tumors.

Cancer Research 35: 1003-1008, 1975.

Schochetman, G. and Schlom, J.: RNA subunit structure of Mason-Pfizer
monkey virus. Journal of Virology 15: 423-427, 1975.

Aaronson, S.A. and Schlom, J.: The search for RNA tumor viruses in human
cancer. In Ariel, I.M. (Ed.): Progress in Clinical Cancer. New York,
Grune & Stratton, Inc., 1975, pp. 51-63.

Spiegelman, S., Axel, R., Baxt, W., Kufe, D. and Schlom, J.: The molecular
genetics of human cancer and its etiologic implications. Genetics 79:

317-338, 1975.

Michalides, R., Schlom, J., Dahlberg, J. and Perk, K. : Biochemical
properties of the bromodeoxyuridine-induced guinea pig virus. Journal of
Virology 16: 1039-1050, 1975.

Kimball, P., Boehm-Truitt, M., Schochetman, G. and Schlom, J.: Characteriza-
tion of mouse mammary tumor viruses from primary tumor cell cultures. I.

Immunological and structural studies. J. Natl. Cancer Inst. 56: 111-117, 1975.
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Kimball, P., Michalides, R., Colcher, D. and Schlorti, J.: Characterization
of mouse mammary tumor viruses from primary tumor cell cultures. II.

Biochemical and biophysical studies. J. Natl . Cancer Inst . 56: 119-123, 1975.

Schochetman, G., Kortright, K. and Schlom, J.: Mason-Pfizer monkey virus:

Analysis and localization of virion proteins and glycoproteins. Journal of

Virology 16: 1208-1219, 1975.

Michalides, R. and Schlom, J.: Relationship in nucleic acid sequences
between mouse mammary tumor virus variants. Proc. Natl. Acad. Sci . 72:

4635-4639, 1975.

Colcher, D., Drohan, W. and Schlom, J.: Mason-Pfizer virus RNA genome:

Relationship to the RNA of morphologically similar isolates and other
oncornaviruses. Journal of Virology (In press) 1975.

Schlom, J., Colcher, D., Drohan, W. , Kimball, P., Michalides, R. and
Schochetman, G.: Biochemical characterization of the mouse mammary tumor
viruses and related isolates: Mason-Pfizer virus and the BudR-induced
guinea pig virus. European Organization for Research on Treatment of Cancer :

First Breast Cancer Working Conference . New York, Raven Press, (In press)
1976.

Schlom, J., Schochetman, G., Michalides, R., Kimball, P., Drohan, W. and
Colcher, D.: Characterization of the RNA genome and proteins of the mouse
mammary tumor viruses, the Mason-Pfizer virus, and the BudR-induced guinea
pig virus. In Gallo, R.C. (Ed.): Molecular Biology of Neoplasia : Current
Focus of Cancer Research (In press) 1976.

Schlom, J., Colcher, D., Drohan, W. and Schochetman, G.: Nucleic acid and
protein studies of the Mason-Pfizer virus. Vllth International Symposium on
Comparative Research on Leukemia and Related Diseases . S. Karger (In press)
1976.
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A. Nucleic acids representing the genomic RNA of oncornaviruses and virus-

associated, ribosome-like RNA were isolated from purified virions and

visualized in the electron microscope by a modified Kleinschmidt - technique .

Their lengths were statistically analysed and secondary structure maps were

constructed. The results indicate 1) the presence of a heterogeneous popu-

lation with four distinct size groups in addition to the viral genome of 35S

and 2) complete agreement of molecular weight and structure of viral ribosome-

like RNA with cellular ribosomal RNA.

B. A time study was undertaken combining morphological methods with tracer

studies on the entry of herpestype viruses into cells and subsequent early

intracellular events have been followed by electron microscopy.
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Project Description

Objectives :

A. To study the structure of the genomic RNA and the virus-associated,

ribosome-like RNA of oncornaviruses.

B. To study the relationship of selected tumor viruses of the herpes-type

to their host cells in respect to the early events of infection.

Methods Employed :

Tissue culture techniques, biochemical and electron microscopic methods

including the ultrastructural analysis of purified nucleic acids by the

Kleinschmidt technique in conjunction with a statistical analysis to esti-

mate parameters of different populations of molecules; tracer studies and

cryosectioning.

Major Findings :

A. It is well known that the oncornaviruses contain a genomic RNA of 60-70

S consisting of subunits of 30-40 S, and in addition, small amounts of ribo-

some-like RNA.

The 30-40 S subunit RNA obtained from heat-treated high molecular RNA of the

avian myeloblastosis virus was prepared for visualization in the electron

microscope by a modified Kleinschmidt technique. Histograms of this RNA

revealed a surprisingly large number of molecules of different sizes ranging

in length between 0.3 and 2.8 um and corresponding to molecular weights

between 0.5 x 10^ and 3.0 x 10^. The large molecules represent the 30-40 S

subunits. A statistical analysis of all molecules present in a given pre-

paration of the viral RNA was undertaken to resolve the question of whether

the appearance of the large number of subunits of intermediate sizes is due

to random cleavage or to a specific process resulting in a number of molecules

of well-defined size. The results indicate a rather heterogeneous population

of molecules with five distinct, reproducible size groups, an observation

that excludes the assumption of random degradation of the viral genome. This

work was done in collaboration with Drs. H. G. Weber, M. W. Layard,

M. Stephenson and P. C. Zamecnik.

Ribosome-like particles are known to be present in oncornaviruses. Recent

morphological and biochemical studies revealed that ribosomes and their RNA

obtained from at least one kind of oncornaviruses, the avian myeloblastosis

virus, differ from their cellular counterpart, suggesting that both the viral

ribosomes and their RNA are larger than the cellular components. It was pro-

posed that the ribosomal RNA contained in viral ribosomes may resemble pre-

cursor ribosomal RNA. Ribosomal RNA isolated from ribosomes present inside

avian myeloblastosis virus was characterized by electron microscopy. Its

molecular weight and the secondary structures were compared with those of
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ribosomal RNA and precursor ribosomal RNA isolated from host cells. The
molecular weights of viral ribosomal RNA and those of cellular ribosomal RNA
were found to be identical and comparable with the molecular weights of
chicken liver ribosomal RNA. The secondary structures of viral ribosomal
RNA were identical to those of cellular RNA. The postulated precursor
character of viral r-RNA was excluded, since the molecules of viral ribosomal
RNA do not show any similarity to those of precursor ribosomal RNA. This
work was done in collaboration with Dr. Jan Korb, guest worker, on leave from
the Institute of Molecular Genetics, Czechoslovak Academy of Sciences, Prague.

B. Herpes type viruses, known to cause cancer in primates and lower animals,
are candidates for certain human cancers. Contradicting morphological obser-
vations have been published recently in respect to the uptake of the virus
into the cells. For this reason a detailed study was instigated combining
morphological methods with tracer studies to clarify early events of the
infectious process. In preliminary experiments methods were established for
the detection of virus-cell interaction as early as 1 minute after infection.
Thus far, the data show that virus uptake is completed 5 minutes after infec-
tion and 30 minutes later the viral genome has been transported into the
nucleus since virions can no longer be detected in the cytoplasm of the
infected cells. After an eclipse phase of 2.5 hours progeny virus can be
detected in the nucleus. The release of enveloped virions begins 6-10 hours
after infection. This work is done in collaboration with Dr. Joseph Luetzeler,
guest worker, on leave from the Department of Pathology, University of
Cologne, Germany.

Significance to Biomedical Research and the Program of the Institute :

A. Both RNA and DNA viruses are known to be causative agents of many animal

tumors. They are candidates for malignant diseases in humans. The character-
ization of the viral genomes and their associated nucleic acids is important
to further the understanding of a) the viral nucleic acid replication, b) the
association of the viral nucleic acids with host cell chromatin, and c) the
processes leading to transformation of the infected cells.

Molecules of single-stranded RNA can be made visible in the electron microscope
by using different methods. The results obtained with these techniques in

different laboratories differ considerably from each other with respect to

both the observed length of individual molecules and their calculated linear
densities. The results suggest that in many cases extension of the molecules
was incomplete. During the past year in this laboratory a refinement of the

Kleinschmidt technique has been developed, and the results obtained with this ^^
method indicate that maximal and optimal spreading of single-stranded moleculesiB^
can be acheived.

B. Likewise, clarification of the early events of viral infection at the

cellular level is important for the understanding of virus-host cell inter-
action.
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Proposed Course :

A. The study of the genomic RNA of oncornaviruses will be pursued with the
improved Kleinschmidt method. Ribosomal RNA and the genomic RNA of non-
oncogenic viruses, including tobacco mosaic virus and vesicular stomatitis
virus, will serve as controls. Preliminary results suggest that the linear
densities of all nucleic acid molecules studies thus far are of constant
value. A standard curve for the different kinds of RNA is in preparation.

B. Experiments to determine the pathway of viral DNA from cell entry to the

appearance of the viral progeny in the nucleus will be expanded in hopes to
clarify the following points: 1) The uptake of viral particles into the cell.

2) The interaction between virus and cell in the early stage of infection.

3) The way of transportation of viral DNA into the nucleus, the intranuclear
sites of replication, and the spatial relationship of the viral progeny to

the parental DNA.

Publications :

Heine, U. I., Cottier-Fox, M. , and Weber, G. H.: Visualization of tumor virus

RNA in the electron microscope. In H. Busch (Ed.).: Methods of Cancer
Research . New York, Academic Press, Vol. XI: 167-203, 1975.

Heine, U. I., Weber, G. H., Cottier-Fox, M., Layard, M. W., Stephenson, M. L.,

and Zamecnik, P. C: Analysis of oncornavirus RNA subunits by electron
microscopy. Proc. Natl . Acad . Sci . 72: 3716-3720, 1975.

Dalton, A. J., Heine, U. I., and Melnick, J. L.: Symposium: Characterization
of oncornaviruses and related viruses - a report. J^. of Natl . Cancer Inst .

55: 941-943, 1975.

Ablashi, D. V., Loeb, W. F. , Pearson, G. , Valerio, M. G., Armstrong, G. R.,

Cicmanec, J. L., Heine, U. I. and Kingsbury, E.: Comparison of lymphomas
induced in owl monkeys with herpesvirus Saimiri (HVS), heated HVS, and HVS-

genome carrying cells. In L. Severi (Ed.) . : Multiple Primary Malignant
Tumours, Perugia, 1975, 721-729.

Beard, J. W. , Hillman, E. A., Beard, D., Lapis, K. , and Heine, U. I.:

Neoplastic response of the avian liver to host infection with strain MC 29

leukosis virus. Cancer Res . 35: 1603-1627, 1975.

Beard, J. W., Chabot, J. F. , Beard, D., Heine, U. I., and Houts, G. E.:

Renal neoplastic response to leukosis virus strain BAI A (Avian Myelo-
blastosis Virus) and MC 29. Cancer Res . 36: 339-353, 1976.

Heine, U. I., and Cottier-Fox, M. : Electron Microscopic Observations on the

composition of herpestype virions. In de The, G. , Epstein, M. A.,
zur Hausen, H. (Eds): Oncogenesis and Herpesviruses II , Part I, lARC Sci.

Publications, Lyon, France, 1975, 103-110 pp.
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A. It is the purpose of this study to characterize endogenous oncornavirus -

like particles found in association with cell cultures derived from h uman brain

tumors and to determine their incidence and possible significance with respect

to (a) associated cytogenetic abnormalitie s, (b) antigenic relationship to other

oncornaviridae, viral and membrane antigens, (c) their infectivity and mode of

prol iferation.
B. To study the function of the nucleolus in the transcription of cellular

RNA's in avian sarcoma virus infection and the induction of the transformed

state using E.M. autoradiography and polyacryl amide gel electrophoresis.
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Project Description

Objectives :

A. Characterization of intracisternal oncornavirus-like particles associated

with tissue cultures derived from human brain tumors, and determination of

their incidence, possible significance, and antigenic relationship to other

oncornaviridae, viral and membrane antigens and chromosomal abnormalities.

B. To study the function of the nucleolus and other cellular organelles with

respect to the regulation of transcription of cellular- and virion-associated

RNA in RSV infected cells.

Methods Employed :

Electron microscopy, electron-microscopic autoradiography, tissue culture

techniques involving single cell cloning and cell fusion in combination with

cytogenetic analysis and chromosome banding. In addition to infectivity assay

techniques for RSV, density gradient centrifugation and polyacryl amide gel

electrophoresis have been applied.

Major Findings :

A. Virus-like particles of characteristic radial ultrastructure, similar to

"R" particles endogenous to the hamster, have been repeatedly found in three

of seven human cell cultures derived from surgically removed tissue of human

meningiomas and gliomas. They were observed in continuous culture in 2 cases

of meningioma and 1 case of glioblastoma multiforms with an incidence of about

1-10% of cells examined by electron microscopy. Their localization is confined

to the cisternae of the endoplasmic reticulum in association with ribosome-

like particles. No evidence of extracellular release of these particles,

except within cellular debris, has been obtained so far. All of the positive

cultures were initiated and partially maintained in a neurosurgical laboratory

where no work involving hamsters or other rodents has been performed. Cyto-

genetically all of these fibroblast-like cells showed a human chromosome pat-

tern; they showed deletions of acrocentric chromosomes in both pseudodiploid

and polyploid cells that appear to be characteristic of cultured human menin-

gioma cells. Preliminary observations suggest that additional marker chromo-

somes may be associated with the expression of "R" particles. Also, the

presence of unique tumor-associated soluble membrane antigens have been found

in these cultures by Dr. Hollinshead. Although xenotropism of this virus has

not been excluded, the occurrence of this endogenous "tumor" virus of unknown

infectivity in cells of human karyotype in association with cytogenetic

abnormalities may help to clarify the conditions of expression of this agent

and its etiologic function. Further studies are in progress to determine

the frequency of occurrence of this agent in other cell cultures and its

manner of proliferation and release. Initial observations in cloned cell

cultures indicate that intracellular growth of this virus can be enhanced
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by glucocorticoid steroids, but attempts to "release" this virus have so far
not been successful

.

B. In apposition to our autoradiographic studies on the role of the nucleolus
in RSV infection (NCI4814-4) the sequence of transcription of cellular RNA's
of RSV-transformed chick fibroblasts after exposure to low doses of Actinomycin
D has been studied in the laboratory of Dr. Rabotti , using polyacryl amide gel

electrophoresis. It could be demonstrated and confirmed that the transcription
of some classes of cellular RNA, notable ribosomal- and preribosomal-RNA are
less sensitive to the inhibitory action of Actinomycin D in transformed cells
than in control cells. In addition, however, heterogeneous RNA synthesis is

resumed earlier in transformed cells and 5s RNA synthesis remains uninhibited.
The results point to virus-induced differences in the rate of transcription
not only of nucleolar (ribosomal) RNA, but of all classes of RNA. A special
processor function of the nucleolus in the replication and assembly of virion-
associated RNA, as previously suggested, has not been proven. A causal
relationship of these findings to the induction of the transformed state
remains to be established.

Significance to Biomedical Research and the Program of the Institute :

"R" type virus particles are poorly characterized virus-like particles pro-
liferating in the cisternae of the endoplasmic reticulum without known extra-
cellular release. They have some morphologic and physical characteristics
of oncornaviridae, such as murine intracisternal "A" particles, but are con-
sidered to be endogenous to the hamster. The possibility of a more general
occurrence as an endogenous tumor virus has been suggested by their sporadic
occurrence in several other species. Their occurrence in human cells, as
established by cytogenetic karyotype, has not been previously reported, and
their appearance in cell cultures derived from meningiomas and gliomas may be

related to specific chromosomal changes associated with these cells. Although
the human origin of this virus has not been established, the expression of
this endogenous tumor virus in association with chromosomal abnormalities and
soluble membrane antigens in human brain tumor cells is of obvious interest
in understanding the genetic and immunologic factors associated with the
expression and genomic integration of endogenous tumor viruses, as well as the
possible role these viruses may have in transformation and oncogenesis.

Proposed Course :

It is proposed to study the incidence of this virus in human brain tumors and
in cell cultures thereof by electron microscopy and to determine the relation-
ship to chromosome patterns and to viral and tumor antigens. Rescue experi-
ments will be conducted to induce the intra- or extracellular proliferation
of these virus-like particles in quantities sufficient for isolation and pur-
ification and physical, biochemical and antigenic characterization. It is

hoped to pursue the intra-cellular characterization of these particles by

electron microscopic autoradiography and eventually by immuno electron
microscopy. ^
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Publications :

Suskind, R. G. , Michelson-Fiske, S., Haguenau, F. and Rabotti , G, P.: A

Quantitative Autoradiographic Study of Nucleolus-associated RNA and DNA
Synthesis During the Eclipse Phase in Rous Sarcoma Virus-infected Chicken
Fibroblasts. J. Natl. Cancer Inst. 54(2): 349-360, 1975.
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Additional new type C RNA mammalian viruses were isolated which are typical of
the endogenous baboon viral group: 12 primate viruses from Old World monkey
tissues; FS-1 feline virus from the European wildcat ( Felis sylvestris ); Mus
carol

i

xenotropic murine virus. Also, three new isolates were obtained whTch
are typical of a group of mammalian type C RNA viruses infectious for primates.
These viruses (GBr-1 , GBr-2, GBr-3) were isolated from the brains of nontumored
gibbons. These viral isolates, as well as previously obtained primate isolates
were characterized using biological, immunological and nucleic acid hybridiza-
tion criteria. The origins of type C RNA viruses, their evolutionary relation-
ships, and modes of transmission, were studied. These investigations yielded
four distinct examples of type C virogene transfer between species remotely
related phylogenetically. Type C viral proteins were found to bind preferentia
to the RNA of the virus from which they were derived representing the first
example of proteins with specific nucleic acid recognition properties.
Selective breeding of mammalian strains with and without marker virogenes
provided a new approach to the investigation of the evolution of multiple gene
systems.
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Project Description

Objectives :

1. To isolate and characterize endogenously and exogenously transmitted

type C viruses from primates, man, and other animals.

2. To determine the mechanism by which cells control the expression and

production of endogenous oncogenic viruses and/or viral information and

antigens.

3. To study how agents such as irradiation, chemical carcinogens, and viruses

act alone or in concert to derepress virus expression and facilitate cell

transformation.

4. To study the biological characteristics of isolated RNA and DNA from

tumor viruses and their ability to transform human cells.

5. To characterize the basis for the wide ranging susceptibilities of cells

from various origins to infection by exogenously added oncogenic RNA viruses.

6. To study the relationship of "spontaneous transformation" of cells in

culture and in vivo to the presence of endogenous or horizontally transmitted

type C viruses or vi rally coded information.

7. To study the modes of transmission, perpetuation, and evolution of type C

oncogenic viruses within and among animal species.

Methods Employed :

Standard techniques of tissue culture, biochemistry, molecular biology,

immunology and virology were used. These methods were adapted to the

specific test systems.

Major Findings :

1. Virus induction studies and cocultivation of primate tissues using a

battery of permissive test cells from diverse origins, known to be efficient

for the isolation and propagation of baboon type C viruses, led to the

isolation of additional primate viruses. Type C viruses were isolated from

various tissues of Papio anubis , P^. cynocephalus , P. papio (baboon) and a

closely related genus, Theropithecus gelada (gelada), which are reported to

have diverged from the genus Papio 5 to 7 million years ago. Of 19 Papio

and Theropithecus tissues tested, 12 yielded viruses which are typical

members of the endogenous baboon type C viral group.

2. Tissues from a European wildcat ( Felis sylyestris) were cocultivated with

cell lines known to be permissive for the replication of endogenous domestic
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cat ( Felis catus ) viruses. Both a syncytium- forming ("foamy") and a type C

virus were isolated. The type C viral component was resolved by passaging
the mixed virus stock in cells which are resistant to infection by feline

syncytium-forming viruses. The European wildcat type C virus (FS-1) is

closely related to viruses of the RD-114/CCC group by viral host range and

interference criteria. FS-1 contains a reverse transcriptase and p30 protein
with antigenic determinants similar to those of the proteins of RD-114.
^H-DNA transcripts of FS-1 RNA hybridize extensively to the RNA of endogenous
domestic cat type C viruses. Like viruses of the RD-114/CCC group, FS-1 is

related by several criteria to endogenous baboon type C viruses. Results
also indicate that European wildcats contain endogenous type C virogenes
which can code for the production of infectious type C particles.

3. Treatment of a cell line derived from the Asian feral mouse Mus carol

i

with 5-bromodeoxyuridine induces an endogenous xenotropic type C virus. By
immunologic, interference and nucleic acid hybridization criteria, the carol

i

virus is closely related to a group of infectious type C viruses horizontally
transmitted among primates, isolated from a woolly monkey (SSV-SSAV) and a

gibbon ape (GALV) and distinctly different from previously studied type C

viruses of the laboratory mouse, Mus musculus .

4. Studies to determine the evolutionary relationship of oncogenic type C

viruses utilizing molecular hybridization techniques yielded four clear
examples of interspecies transfer of type C virogenes between species that
are remotely related phylogenetically. (a) The first involves the transfer
of an endogenous primate type C virus (detectable in present day baboons and
other Old World monkeys and apes) into the germ line of an ancestor of the
domestic cat (now represented by Felis catus ). The transferred virus was
closely related to the RD-114/CCC endogenous virus found commonly in

domestic cats. The presence of baboon type C viral sequences in the
taxonomically distant domestic cat cannot be explained strictly on

evolutionary grounds. Results indicate that the endogenous primate viruses
and the endogenous feline RD-114/CCC group of viruses are related to each
other, but can be distinguished by biologic and immunologic criteria and by
nucleic acid sequence homology. Endogenous viruses from one species
(primates) have infected and become incorporated into the genome of a

distant species (domestic cat) and thus may have had a common ancestor in

evolutionary history even though they are now expressed as endogenous viruses
of two taxonomically distant mammalian species, (b) An endogenous virus of
a rodent ancestor (now represented by the Rattus and Mus genera) was trans-
mitted to an ancestor of the domestic cat and its close relatives (now
repressented by Felis catus , ?_. sylvestris , £. chaus , ¥_. margarita ). More
distantly related Felis species lack this virus, now commonly identified as

FeLV. This suggests that FeLV related genes were introduced into the Felis
lineage following trans-species infection(s) by type C viruses of rodent
origin, (c) The third case is that of an endogenous virus from a murine
ancestor (represented now by Mus musculus ) to a common ancestor of the
European wild boar, the African bush pig and the domestic pig, Sus scrofa .
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The endogenous pig virus PK-15, has extensive homology with mouse cellular

DNA but clearly lower levels with the DNA of rat, hamster, hippopotamus,

sheep, cow, etc. (d) The fourth case is that of the infectious, horizontally

transmitted primate viruses. Gibbon Ape Leukemia Virus (GALV) and Simian

Sarcoma Virus-Simian Sarcoma Associated Virus (SSV-SSAV) which originated
by trans-species infection(s) of certain primates (gibbon, woolly monkey and

perhaps other apes and monkeys) with an endogenous type C virus from the
rodent Mus carol

i

or a closely related Mus species. This trans-species
infection appears to be a relatively recent, perhaps contemporary, event with
the transferred viruses not yet being incorporated (not endogenous) into the

genomes of the recipient primate species. These examples have served to

show a significant and workable unity for the entire field of viral oncology
and has thus provided a philosophical and methodological framework for the
understanding of human cancer.

5. Three type C viruses (GBr-1 , GBr-2, GBr-3) were isolated by cocultivation
of normal, nontumored gibbon brain tissues with cultured mammalian cell

lines. By viral interference tests and by immunologic studies of the viral

polymerases and major internal structural proteins (p30), the new isolates
are typical members of a group of mammalian type C viruses infectious for
primates isolated from a fibrosarcoma of a woolly monkey (SSV/SSAV) and from
gibbon ape lymphosarcoma (GALV). By nucleic acid hybridization, the viruses
isolated from the gibbon brains, while closely related to one another, can

be readily distinguished from the previously isolated type C viruses of
this group. On these bases, the infectious primate type C viruses isolated
to date have been classified into four distinct subgroups.

6. Type C viral pl2 proteins bind preferentially to the RNA of the virus
from which they were derived and thus may represent another tool for
deciphering the degree of relatedness between oncogenic viruses. However,
the major viral structural protein p30 did not interact with viral RNA under
identical conditions. The interaction of the pi 2 protein with viral RNA
represents the first example of proteins with specific nucleic acid
recognition properties for type C RNA viruses.

7. The leopard cat ( Felis bengalensis ) from Southeast Asia which was found
to lack RD-114 and FeLV-related DNA sequences (RD", FL~) in its DNA. The
ability of this cat to produce viable offspring when bred with domestic cats
(RD"*", FL"^) offered an opportunity to study the segregation of both sets of
virogenes in F] hybrids and in the progeny of a backcross to the RD", FL"

parent. The cellular DNA of the F] hybrids contains half the number of copies
of each set of sequences. The RD and FL virogenes segregate together in the
backcrossed animals in a manner consistent with their localization at a single
chromosomal site. Relative gene frequencies were determined using
reassociation kinetics obtained by hybridizing -^H-DNA transcripts of viral RNA
to cellular DNA. The genetic crosses provide a new approach to the study
of the evolution of multiple gene systems.
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8. The first continuous cell line, PANC-1 from a human adenocarcinoma of

the exocrine pancreas, was established. The malignant nature of this cell

line was verified by: (1) the ready growth of cells in soft agar and over

fibroblast monolayers and (2) the formation of a progressively growing
anaplastic carcinoma in nude mice.

Significance to Biomedical Research and the Program of the Institute :

These projects relate to the nature of the interaction between tumor viruses
and the cells that contain them. Development of techniques in the model
systems are frequently applicable to the search for human oncogenic viruses.
The methods by which the Program can hope to detect or to prevent virus-
induced tumors will depend on how the viruses produce their effect. Two
very different models must be considered; they act via the addition of
genetic information to the cell from the outside or via activation of
previously repressed genetic information. Which of these is the more
critical under natural conditions for cancer in man is of paramount
importance in determining how best to interrupt or prevent this process.

Proposed Course :

1. Vertebrate evolutionary relationships, in particular among the species of
the primate suborder Anthropoidea (Old World monkeys, apes and man) can be
further determined by molecular hybridization studies utilizing additional
specific reagents which will be prepared to each of the major components of
the primate endogenous and infectious type C viruses. These reagents will
also serve as tools to study the degree of expression of virus specific
information in healthy humans and humans with tumors and its relationship to
known primate type C viruses.

2. To develop additional approaches to recover transmissible endogenous
type C viruses from primates, directed particularly toward human normal and
malignant tissues, cultured cell strains and cell lines. Cocultivation
techniques currently in use, combined with other available methods, will also
be utilized further toward a resolution of the presence of type C viruses in

man and the relationship of the viruses, if found, to known primate
endogenous and infectious type C RNA viruses. These studies would yield
information on their mode(s) of transmission, evolutionary relationships, and
role in cancer causation in man. Intrinsic and extrinsic factors (such as
environmental agents, chemical carcinogens, etc.) involved in susceptibility
and resistance to oncogenic virus infection and their characterization could
ultimately be applied to the development of in vitro tests to determine an
individual's risk of overtly expressing virogene information and any
fundamental differences which predispose some to cancer.

3. To characterize the mechanism of cellular regulation of endogenous
virogene sequences for the development of virus derepression techniques to
activate expression of type C viral information, induce virus production or
malignant transformation in human cells.
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4. To continue studies concerning the induction and isolation of type C

RNA viruses from additional mammalian species and tissues. Virus isolates
will be characterized according to biologic, immunologic, virologic and

molecular hybridization criteria. Evolutionary relationships will be

determined. The origins of the viral isolates, their mode of transmission,
role in interspecies infections, and relationship to normal cellular genes,
will also be determined.

Publications :

Todaro, G.J.: Type C virogenes: Genetic transfer and interspecies transfer.
La Ricerca Clin . Lab . 5: 191-195, 1975.

Lieber, M.M., Benveniste, R.E., Sherr, C.J. and Todaro, G.J.: Isolation of
a type C virus (FS-1) from the European wildcat (Pel is sylvestris).
Virology 66: 117-127, 1975.

Lieber, M.M., Benveniste, R.E., Sherr, C.J. and Todaro, G.J.: Biologic and
immunologic properties of porcine type C viruses. Virology 66: 616-619, 1975.

Todaro, G.J., Lieber, M.M., Benveniste, R.E., Sherr, C.J., Gibbs, C.J. and
Gajdusek, D.C.: Infectious primate type C viruses: Three isolates belonging
to a new subgroup from the brains of normal gibbons. Virology 67: 335-343,
1975.

Benveniste, R.E. and Todaro, G.J.: Segregation of RD-114 and FeLV-related
sequences in crosses between domestic cats and leopard cats. Nature 257:

506-508, 1975.

Benveniste, R.E. and Todaro, G.J.: Evolution of type C viral genes. III.
Preservation of ancestral murine type C viral sequences in pig cellular DNA.
Proc . Natl . Acad . Sci . USA 72: 4090-4094, 1975.

Benveniste, R.E., Sherr, C.J. and Todaro, G.J.: Evolution of type C viral

genes: Origin of feline leukemia virus. Science 190: 886-888, 1975.

Todaro, G.J.: Evolution and modes of transmission of RNA tumor viruses.
American Journal of Pathology 81: 589-606, 1975.

Lieber, M.M., Smith, B., Szakal , A., Nelson-Rees, W. and Todaro, G.J.: A
continuous tumor-cell line from a human lung carcinoma with properties of
type II alveolar epithelial cells. Int . J^. Cancer 17: 62-70, 1976.

Sen, A., Sherr, C.J. and Todaro, G.J.: Specific binding of the type C viral
core protein pl2 with purified viral RNA. Cell 7: 21-32, 1976.

1511



Project No. Z01-CP-04821-04-LVC ^
Todaro, G.J., Benveniste, R.E., Sherr, C.J., Lieber, M.M. and Callahan, R.:

Infectious primate type C virus group: Evidence for an origin from an ^

endogenous virus of the rodent, Mus carol

i

. Proceedings of the Vllth
|

International Symposium on Comparative Research on Leukemia and Related
j

Diseases . Copenhagen, S. Karger (In press) 1976. '

Gallo, R.C. and Todaro, G.J.: Oncogenic RNA viruses. In: Seminars in ^M
Oncology: Cancer Etiology . Yarbo, J.W. (Ed.), Grune and Stratton, New

^^
York (In press) 1976.

Todaro, G.J.: Type C virogenes: Modes of transmission and evolutionary '

aspects. In Lehmanns, J.F. (Ed.): Modern Trends in Human Leukemia II . i

New York, Verlag, Munchen and Grune and Stratton, 1976, (In press).

m

1512



SMITHSONIAN SCIENCE INFORMATION EXCHANGE
PROJECT NUMBER (Do NOT use this space)

U.S. DEPARTMENT OF

HEALTH, EDUCATION, AND WELFARE
PUBLIC HEALTH SERVICE

NOTICE OF

INTRAMURAL RESEARCH PROJECT

PROJECT NUMBER

Z01-CP-04822-06-LVC

PERIOD COVERED

July 1, 1975 to June 30, 1976

TITLE OF PROJECT (80 characters or less)

The Role of EBV and RNA Viruses in Human Leukemia, Lymphoma and Breast Cancer

NAMES, LABORATORY AND INSTITUTE AFFILIATIONS, AND TITLES OF PRINCIPAL INVESTIGATORS AND ALL OTHER

PROFESSIONAL PERSONNEL ENGAGED ON THE PROJECT

PI: P. H. Levine
OTHER: S. H. Chan

E. J. Plata

Medical Officer LVC NCI

Guest Worker LVC NCI

Microbiologist LVC NCI

COOPERATING UNITS (if any)

D.V. Ablashi, LDTV, NCI; C.W. Berard, LP, NCI; R.R. Connelly, BB, NCI; J.M.

Easton, LDTV, NCI; R.B. Herberman, LCBGY, NCI; C.G. de The, lARC, Lyon, France;
Heath, CDC, Atlantia, Ga; J. Ho, Queen Eliz. Hosp., Hong Kong; N. Mourali,

Inst. Salah Azaiz, Tunis, Tunisia; P. Terasaki , UCLA, Los Angeles, Cal

.

lab/branch Office of the Associate Director, Viral Oncology Program
Laboratory of Viral Carcinogenesis

SECTION

Office of the Chief
INSTITUTE AND LOCATION Division of Cancer Cause and Prevention

NCI, NIH, Bethesda , Maryland 20014
TOTAL MANYEARS:

1.0

PROFESSIONAL:

1.0 0.0
SUMMARY OF WORK (200 words or less - underline keywords)

The purpose of this project is to determine which viruses are specifically
associated with certain human tumors and to use antigens relating to these
viruses for studies on the etiology , prevention , early diagnosis and control of
these malignancies. Current projects include: the separation of lymphomas
into Epstein-Barr virus (EBV) associated and non-EBV associated tumors; the
search for immune-response genes relating to EBV; the use of EBV antibody as

a means of detecting susceptibility to cancer and the identification of factors
enhancing the dissemination of breast cancer.

1513

PHS-6040
(12-75)



Project No. Z01-CP-04822-06-LVC

Project Description

Objectives :

Project A ^
1. To develop seroepidemiological studies using antibody to EBV-associated ^P
antigens to determine whether EBV is etiologically related to human lymphoma.

2. To investigate the role of cellular immunity to EBV as a possible deter-
mining factor for the level of various EBV antibodies.

3. To correlate the immune response to EBV-associated antigens and lymphoma-
associated antigens in order to determine if there is a relationship between
the two.

4. To evaluate the genetic factors controlling the immune response to EBV

and susceptibility to lymphoma.

Project B

1. To pursue preliminary studies indicating that there are antigens in

human breast cancer cells which cross-react with murine breast cancer viruses. ^^
2. To evaluate assays for immunity to RNA virus-associated antigens in humans ^^
and nonhuman primates.

Methods Employed :

Project A

A registry of American Burkitt lymphoma patients (ABLR) was continued in order
to obtain a population to compare clinically, epidemiologically, and virolog-
ically with the African Burkitt patients. Blood samples were collected from

a variety of lymphoma patients, particularly those with American Burkitt'

s

lymphoma and Hodgkin's disease, as well as normal and disease controls. Cell

lines known to contain EB virus, fresh tumor biopsies, and lines without evi-

dence of EBV were used as a source of antigen in these studies. Sera were
tested for antibody to the viral capsid antigen and the early antigen by

immunofluorescence. Lymphocyte cytotoxicity, skin testing, leukocyte adherence

inhibition, and lymphocyte stimulation assays were employed as tests of cellu- ^^
lar immunity. Patients, family members and controls were typed for HL-A anti- ^B
gens to determine possible susceptibility to cancer. ^^

Project B

Membrane extracts from breast cancer tissues and from cell lines derived from

breast cancer tissues were inoculated into patients with breast cancer and
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controls. These in vivo skin test measurements of cell -mediated immunity
were correlated with in vitro cell-mediated and humoral immunity assays.

Major Findings :

Project A

Further studies on American Burkitt lymphoma patients identified by the ABLR

revealed similarities between American and African cases. Between 80% of

patients with Stage I disease were demonstrated to have long-term survival

and no longer required chemotherapy. An excellent response rate was also

noted for Stage II patients. The overall long term remission rate was 33%,

comparable to that found in Ghana. In the eight months between July 1, 1975

and March 1, 1976, 18 new patients have been reported to the American BL

Registry with 8 of them being confirmed by NCI pathologists. Thirty-eight
specimens have been obtained from patients and family members for laboratory
studies.

An EBV producing cell line was obtained from an American BL patient with

significant amounts of detectable EBV genome in her tumor.

Twenty-four nasopharyngeal cancer patients from France and Tunisia were skin

tested with membrane extracts from cell lines derived from NPC and BL tumors.

More than 50% of patients reacted against HKLY-28, a cell line derived from

an NPC patient, but a much lower percentage reacted against Raji (a BL-

derived line) and cell lines derived from normal individuals, indicating a

tumor associated antigen was present in the NPC line. The studies on these

patients supported early data obtained in collaboration with Dr. John Ho in

Hong Kong. Studies on almost 100 cancer patients with other types of tumors

showed no increased reactivity with the NPC cell line, further supporting

the specificity of the reaction.

Serologic studies to determine the factors leading to elevated EBV titers

in certain groups of individuals continue to demonstrate an apparent genetic

factor, with titers remaining high in normal relatives of cancer patients.

It was demonstrated that each disease required separate analysis when com-

parison of cell -mediated immunity and EBV titers were made. For example,

patients with Hodgkin's disease and solid tumors who were anergic tended to

have higher EBV titers than reactive patients with the same disease, whereas

patients with nasopharyngeal cancer and non-Hodgkin's lymphoma who had good

cell -mediated immunity reactions to skin test antigens had higher EBV titers

than those who did not react. Studies on the relationship of HL-A type to

EBV suggests that in certain individuals, EBV immunity was directly controlled

by genetic factors.

Project B

Skin testing studies performed in collaboration with Dr. Nejib Mourali,

Institute Salah Azaiz, indicated that the breast cancer patients with a
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fulminant form of breast cancer (pousse evolutive or REV) were as likely to
react to breast cancer related skin test antigens than patients with other
forms of breast cancer, thus indicating that the fulminant form of disease
(PEV 3) was not due to immunologic deficiency.

Significance to Biomedical Research and the Program of the Institute :

Project A

The studies in American BL are important since a closer scrutiny of the same
disease in geographically distinct areas allows a more careful look at the
etiology by separating various factors. If American BL has the same etiology
as African BL, it can be evaluated without concern for the role of malaria
as a complicating factor. The findings in our studies that some cases of
American BL have EBV within the tumor and have high antibodies to EBV while
others do not have this EBV pattern parallel findings with African BL. The
ability to separate Burkitt's tumor and potentially other lymphomas into

diseases associated with different specific virus and tumor associated anti-

gens may lead to identifying different viruses that produce the same morpho-
logical disease entity. The American Burkitt Lymphoma Registry is providing
detailed information of great importance to oncologists. The geographical
distribution and time-space clustering suggest an environmental contribution,
perhaps a virus, to the etiology. Characterization of the clinical aspects
of the disease is permitting chemotherapists to select drugs which prevent
relapse more effectively. The finding of a specific genetic pattern asso-
ciated with American Burkitt's tumor may explain why a ubiquitous virus would
only produce this tumor under rare circumstances in the United States.
Studies determining the multiple reasons for high EBV titers serve in con-
junction with the various EBV assays to determine the usefulness of EBV

serology in a variety of situations. The finding of high EBV titers in normal

individuals in cancer families indicate that EBV serology may be used as a

test for susceptibility to cancer. Correlation of certain EBV antibodies with
clinical stage of the disease allows the use of these particular antibodies in

monitoring the effect of conventional therapy as well as immunotherapy. The
studies on the relationship of EBV antibodies to cell-mediated immunity are
necessary to provide a better understanding of whether or not EBV is oncogenic
and if so, how it is activated.

Project B

Comparative studies on breast cancer in Tunisia and the United States will

lead to better understanding of factors related to the etiology and control
of this tumor. Since the PEV form of breast cancer has been described in

developing countries and disappears as the socio-economic conditions improve,

the studies in Tunisia provide a unique opportunity to look at the environ-
mental aspects associated with a developing country that clearly affects the

incidence and type of a human tumor that may be virus induced. These partic-

ular patients with fulminant disease also offer a better opportunity to

isolate a human breast cancer virus and to correlate immunity to possible
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tumor virus associated antigens in a situation that contrasts markedly with

that in Europe and the United States.

Proposed Course :

Project A

Studies with the American Burkitt Lymphoma Registry will concentrate solely

on those cases whvire adequate material can be obtained for laboratory studies.

Because of the variability of pathologic material on many of these cases,

it is necessary to separate those with well-fixed tissue sections and

unequivocal pathologic features of Burkitt' s lymphoma from those cases with

atypical features and/or poor histological material for diagnosis. A

comparative study of BL patients in Ghana and the United States will be

undertaken. Each patient will have imprints evaluated by EBNA assay and

longitudinal serum samples, skin tests and in vitro CMI assays will be per-

formed when possible.

The variety of reasons for elevated EBV titers will be pursued in order to

determine which assays are of value for immunodiagnosis, monitoring of

therapy, and studies of etiology.

Skin testing with a number of EBV and tumor associated antigens and various

neoplasms will be continued in order to identify if possible tumor specific

and relevant virus related antigens can be used for monitoring conventional

therapy and/or for immunotherapy.

Project B

In the next year it is expected that 100 patients with breast cancer will be

identified in Tunisia and approximately 20-30 will be studied in the United

States. These patients will be followed longitudinally with skin testing,

clinical examination, and serologic evaluation.
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Genetically transmitted type C viruses of primates have been isolated from four

baboon species and from animals of a related genus, Theropithecus gelada.

Endogenous primate virogenes have been detected in all Old World monkeys, higher

apes, and man, and viral antigens have been found in rhesus and patas monkey

tissues and in several human tumors. Thus, both type C viral genes and their

gene products can b^ detected in primate species from v^hich infectious type C

viruses have yet to* be isolated. Viruses endogenous in primates have been

transmitted to ancestors of the domestic cat and novj code for a related group

of genetically transmitted viruses (RD-114 group). An analysis of additional

groups of type C viruses suggests that a second group of cat viruses (FeLV)

were acquired from rats, while another group of viruses infectious for primates

(SSAV/GALV) were derived from endogenous viruses of mice. The data lead to the

conclusion that genetically transmitted type C viruses of one species can

infect a second unrelated group of animals leading, in at least certain cases,

to the widespread incorporation and perpetuation of acquired viral genes in the

germ line of the recipient species.

1520
PHS-6040
(12-75)



Project No. Z01-CP-04823-03-LVC

Project Description

Objectives :

To study the relationships of mammalian type C viruses isolated from differ-
ent species; to determine the extent of expression of endogenous type C viro-

genes in normal and malignant animal tissues; to define methods for isolating
infectious type C viruses from species of animals from which such viruses have
not yet been isolated.

Methods Employed :

Components of a wide variety of mammalian type C viruses are purified by

standard biochemical techniques and employed for the preparation of specific
antisera. Radioimmunoassays are used to test for the presence of viral anti-

gens in extracts of animal tissues and in cultured cell lines. Evidence for

type C viral expression is also obtained using biochemical assays for viral

polymerases combined with antibody inhibition studies for "typing" enzymes.

In collaboration with other investigators, these assays are supplemented by

electron microscopic examination of tissues and cultured cells, molecular
hybridization techniques, and a multiplicity of in vitro virologic assays
(viral interference, rescue of sarcoma genomes, host range studies).

Major Findings :

Attempts to isolate infectious type C viruses have been directed toward pri-

mate cells and tissues. Several independent type isolates have been obtained
from tissues of four species of baboons ( Papio cynocephalus , P^. hamadryas ,

P^. anubis , and P_. papio ) and from a closely related genus, Theropithecus
gelada . These isolates represent a group of closely related primate viruses

which differ in their immunologic properties and RNA genomes from the pre-

viously identified groups of mammalian type C viruses. Sequences related to

baboon type C viral RNA have been detected in all species of Old World monkeys,
higher apes, and man, indicating that the baboon viruses are endogenous and

have evolved from a primitive ancestor virus present in the primate stock for

at least 30 million years, the time of divergence of Old World monkeys and

higher apes. Antigens related to the major structural protein (p30) of baboon,

rhesus monkey, and stumptail monkey tissues, and more recently, in several

human tumors.

By multiple criteria, the endogenous baboon viruses are related to endogenous

viruses of the domestic cat (RD-114/CCC group). Nucleic acid hybridization

experiments have demonstrated that only certain members of the genus Pel is ,

all orginating from the Mediterranean basin, contain endogenous virogenes
related to the RNA genomes of RD-114 and CCC. These findings support the

concept that endogenous feline viruses of the RD-n4/CCC group originated from

an infection of ancestors of the domestic cat by primate type C viruses at a

point in recent evolutionary history. Thus, animals of one species can be
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infected by type C viruses of a second, unrelated group of animals, and

acquired virogene sequences can ultimately be perpetuated in the germ line.

The identification of those Felis species which contain virogenes related to

the RNAs of known type C viruses has led to the recent isolation of a new type

C virus, FS-1 , from the European wildcat Felis sylvestris . FS-1 was isolated
by cocultivating tissues from a European wildcat with mammalian cell lines,

and was obtained free of a contaminating syncytium- forming virus by passage
of the mixed virus stock at limiting dilution onto cultured cells which are

relatively resistant to infection by feline "foamy" viruses. As predicted
from hybridization experiments, FS-1 is closely related by multiple criteria
to viruses of the RD-114/CCC group of domestic cat viruses. Its isolation
shows that nucleic acid hybridization can be used, at least in certain cases,
to predict from which species infectious type C viruses may be isolated.

The concept that endogenous virogenes of one species can code for viruses
which naturally infect animals of a second, unrelated species has gained sup-
port from detailed analyses of other groups of type C viruses. Using tech-
niques similar to those employed in studying endogenous feline and primate
viruses, we have proposed that a second group of viruses of the domestic cat
(feline leukemia viruses) were acquired from rodents, and probably rats, at

a point in recent evolutionary history. Thus, feline leukemia viruses are
related to endogenous rat viruses by immunologic criteria, and [3h]DNA tran-
scripts of the FeLV genome hybridize extensively to the DNA of present-day
rodents. In addition, another group of viruses, infectious and oncogenic for

primates (SSAV/GALV group), are related to viruses of murine origin. The
proposal that the latter viruses were, indeed, derived from endogenous viruses
of mice gains support from the recent isolation of an endogenous virus from
the Asian mouse, Mus carol

i

, which is closely related virologically and immu-
nologically to viruses of the SSAV/GALV group.

Significance to Biomedical Research and the Program of the Institute :

Our studies have confirmed the general validity of in vitro cocultivation
methods for the isolation of new classes of mammalian type C viruses. By

utilizing rapid and sensitive assays for type C viral antigens, both from pre-

viously described and recently isolated viruses, it has been possible to

demonstrate that primates, including man, contain antigens in their tissues
related to those of endogenous primate type C viruses. The concept of inter-

species transmission of viruses and the incorporation of acquired virogenes

into the DNA of the infected species is also validated by further studies with

other type C viral groups.

Proposed Course :

Experiments are in progress to isolate new type C viruses from other primates
with a particular attention to tissues of man. Additional assays for vital

components are being developed to aid in the identification of antigens in

tissues of primates from which such viruses have not yet been isolated.
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Further experiments are being designed to study the immunologic relationships
of homologous proteins of different groups of type C viruses in an attempt to

better define the origins of certain groups of viruses and to further evaluate
the generality of interspecies infections.

Publications :

Benveniste, R. E., Sherr, C. J., Lieber, M. M., Callahan, R. and Todaro,

G. J.: Evolution of Primate Type C Viral Genes. In Gottlieb, A. A.,

Plescia, 0. J. and Bishop, D. H. L. (Eds.): Fundamental Aspects of Neoplasia .

New York, Springer-Verlag, 1975, pp. 29-53.

Todaro, G. J., Benveniste, R. E., Callahan, R. , Lieber, M. M. and Sherr,

C. J.: Endogenous primate and feline type C viruses. Cold Spring Harbor

Symp . Quant . Biol . 39: 1159-1168, 1974.

Lieber, M. M. , Sherr, C. J., Potter, M. and Todaro, G. J,: Isolation of type

C viruses from the Asian feral mouse Mus musculus molossinus . Int . J^. Cancer

15: 211-220, 1975.

Lieber, M. M. , Sherr, C. J. and Todaro, G. J.: Transplantable murine tumors

release mouse-tropic and xenotropic type C viruses. Int . J^. Cancer 15:

555-560, 1975.

Lieber, M. M. , Benveniste, R. E., Sherr, C. J. and Todaro, G. J.: Isolation

of a type C virus (FS-1) from the European wildcat ( Felis sylvestris ).

Virology 66: 117-127, 1975.
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antigenic determinants of the reverse transcriptases and p30 proteins of

mammalian type C viruses. J. Virol . 15: 1440-1448, 1975.
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Jr. and Gajdusek, D. C: Isolation of infectious primate type C viruses

from the brains of normal gibbons. Virology 67: 335-343, 1975.

Lieber, M. M., Sherr, C. J., Todaro, G. J., Benveniste, R. E., Callahan, R.
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SUMMARY OF WORK (200 words or less - underline keywords)

Nucleic acids of various RNA tumor viruses have been fractionated into sequences
which are shared or unique among these viruses. This allows us to examine
small genetic differences between these viruses and in addition allows us to
probe normal and transformed cells for the expression of these sequences.
Ultimately, this work may lead to the isolation of the gene(s) responsible for
the neoplastic changes induced by viruses and to identify this change in
biochemical terms. The detection and characterization of virus-specific
proteins in cells has been accomplished and, together with nucleic acid
hybridization , allows us to examine fine structural differences between
various type C viruses and the attempt to correlate these differences with
oncogenic potential of viruses is ongoing.
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Project Description

Objectives :

A. To characterize and utilize viral nucleic acid and proteins and as

diagnostic and analytical tools to probe the nature and mechanism of viral

oncogenesis.

B. To test various synthetic and biological compounds which inhibit viral

replication in and/or transformation of cells in vitro in order to obtain
products of potential therapeutic and/or heuristic value vis-a-vis the
oncogenic process.

Methods Employed :

Standard biochemical, biophysical, cell and virus culture methods were used.
These include ultracentrifugal , chromatographic, enzymological

,

nucleic hybridization, gel filtration, electrophoretic, and immunological
techniques.

Major Findings :

A. 1. Previous reports have described the purification of subfractions of
Moloney sarcoma virus specific nucleic acids by sequential hybridization.
We have employed such fragments in the investigation of the genetic nature
of reversion of normal phenotype of MSV transformed cat cells. The results
show that all revertants derived to date have regained their normal phenotype
after loss of the MSV specific genetic information from the cell.

2. As indicated in last year's report, the "sarcoma specific" portion
of Moloney MSV is different than that of the Kirsten and Harvey isolates of

MSV suggesting a marked heterogeneity of transforming information analogous
to the genetic heterogeneity of murine leukemia viruses. We now report that
the murine sarcoma virus isolated by Dr. A. Gazdar has a significant degree
of relatedness {'\^507<,) to the Moloney MSV sarcoma specific fraction. This
interesting observation has potential practical implications in that the
"sarcoma specific" portion of MSV may now be further subfractionated to
yield what may be the specific DNA sequences required for transformation
of cells in vitro . This DNA fraction can be used to examine transformed
cells of various origins to determine whether or not a small but common
genetic sequence is present in transformed cells.

3. Progress in the isolation of Moloney MSV specific RNA from MSV
transformed cat cells has been made. In collaboration with Dr. R. Ascione,
we have explored the cells for nascent (newly synthesized) MSV information.
Preliminary studies indicate that MSV information covalently associated
with cellular information can be detected in these cells. Some success has
also been made in the in vitro translation of MSV-specific RNA to determine
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the control of expression and virus protein processing in heterologous cells.
This data will be correlated with the work of Dr. Robey on the physical
nature of MSV specific proteins made in feline cells transformed by MSV.

4. Genetic studies (using DNA-RNA hybridization) of Dr. P. J.

Fischinger's HIX virus indicate that this virus of dual mouse-cat host
range is very closely related to the Moloney leukemia virus. Both quantit-
ative hybridization and the qualitative characterization of the shared
genetic information suggests that only a small substitution of information
within the Moloney leukemia virus accounts for the dual host range of HIX.

Together with the stable nature of the virus and the preliminary evidence
concerning the antigenic composition of the virus, we have developed a

working model whereby we visualize that this virus arose by genetic
recombination between Moloney MSV and the endogenous "xenotropic" virus of
mice which involves only a small region of the genome coding for the type
specific external coat of the virus particle.

B. Collaborative studies with Dr. Cherman on inorganic virus inhibitors
and with Drs. Bassin, Gerwin, and Sinoussi on certain biological virus
inhibitors are continuing.

Significance to Biomedical Research and the Program of the Institute :

A. Study of virus expression at both the transcriptional and translational
level allows us to probe the mechanics of viral oncogenesis. Sequential
hybridization used to obtain smaller subunits or virus information, allows
us to correlate the expression of this information with the transformed
phenotype of the cell with the expressed aim of characterizing the genetic
function(s) of the transformation gene(s). Efforts will also be made to

isolate the integration site of the MSV genome in cat cells DNA. This
possibility results because of the evidence for normal cat cell sequences
in the intracellular RNA of MSV. The isolation of the integration site
would allow us to characterize this genetic information in terms of its

phylogenetic distribution and, perhaps, in terms of its function (in terms
of its expression in differentiated tissues of normal animals). This
provides another parameter for studying the interaction of an oncogenic
virus with its host cell.

B. Because of its obvious pragmatic value, the nature of virus specific
inhibitors of both natural and synthetic origin has been pursued in the hope
of determining the nature of these inhibitors and of obtaining inhibitors of
therapeutic value.

Proposed Course :

Continued hybridization studies concerning the distribution and expression
of virus information in normal and neoplastic cells will be performed.
Virus and cellular proteins unique to neoplastic cells will also be further
examined in a continuing effort to correlate the structure and function of
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'

these proteins with neoplastic changes in cells. These two approaches are

aimed at the elucidation of the oncogenic process. Continuing studies of

virus-specific metabolic inhibitors will be directed at the interruption
:

of virus-induced neoplastic changes occurring in mammalian cells.
j

i

Publications :
*

j

Oskarsson, M. A., Robey, W. G., Harris, C. L., Fischinger, P. J., Haapala, ^^
D. K. and Vande Woude, G. F.: A p60 polypeptide in the feline leukemia ^
pseudotype of Moloney sarcoma virus with murine leukemia virus with murine

!

leukemia virus p30 antigenic determinants. Proc. Natl. Acad. Sci . USA
'

72: 2380-2384, 1974.

Vande Woude, G. F., Robey, W. G., Oskarsson, M. K., Haapala, D. K., Fischin^r,

P. J., Naso, R. B. and Arlinghaus, R. B. : Properties of Moloney sarcoma

virus p60 and its detection in transformed cells. Proc. VII Intl. Sym.

Comp. Res. Leukemia and Related Pis ., 1975 (In Presiy
|

Frankel, A. E., Haapala, D. K., Neubauer, R. L. and Fischinger, P. J.:
j

Elimination of the sarcoma genome from murine sarcoma virus transformed i

cat cells. Science (In Press) 1976.
j

#
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A transforming new form of MSV was released from mouse S+L- cells . A novel
hybrid oncornavirus with dual ecotropic and xenotropic properties was cloned.
Several levels of control of xenotropic virus were described. Control of
ecotropic virus proteins was detected in synchronized mouse cells. Reversion
from MSV transformed state was accomplished by the elimination of the MSV
genome. Two sets of DNA sequences transcribed from MSV were isolated; that
which was MSV specific DNA, and that which was shared with MuLV. MSV specific
sequences were found in normal mouse DNA but not in chemically induced tumors.
The S+L- MSV genome was translated in all cell systems in part as a p60
precursor protein. Families of reactive neutralizing antibody were elicited
by gp71 and pl5{E) proteins in heterologous hosts. Non-antibody factors were
found in mouse sera which inactivated only murine xenotropic virus.

1529
PHS-6040
(12-75)



Project No. Z01-CP-04826-04-LVC

Project Description

Objectives :

A. To understand the mechanisms and the maintenance of cell transformation

induced by MSV.

B. To determine the controls and the mode of interaction of endogenous

ecotropic and xenotropic viruses in the neoplastic process(es).

C. To isolate substructures and antigens of mammalian oncornaviruses, and

to examine the effect of purified virus components on the life cycle of

oncornaviruses in tissue culture and in selected mammalian hosts.

Methods Employed :

A. and B. Standard virological assays such as sarcoma virus focus formation,

leukemia virus helper assay and focus induction in S+L- cells, viral

interference, and virus antigen induction, are being used. Cloning of cells

in microtiter dishes and as soft agar colonies with the usual biochemical
modes of particle and protein isolation are employed routinely.

C. Biochemical methods such as Sephadex or hydroxyl apatite column chrom-
atography, velocity, and isopycnic density gradient centrifugation, specific

enzyme assays, radioactive tracer studies, reverse transcriptase activity,
gel immunodiffusion, preparative and analytical polyacryl amide gel electro-
phoresis, and the usual methods of extraction for proteins and nucleic acids

are being employed. Molecular hybridization methods involving DNA-DNA and

DNA-RNA hybrids are performed with Cot and Crt analyses.

Major Findings :

A. Various subsets of DNA transcribed from MSV were isolated and purified.

Of these, some sequences were specific for only MSV whereas others were
shared with MuLV. The MSV specific sequences were found in normal mouse
DNA but not in normal mouse RNA. Sarcomas induced by chemicals or

heterologous viruses did not contain MSV specific RNA.

Reversion from the MSV transformed state to a phenotypically normal state was

detected in cat cells. Cloned revertants did not express viral proteins or

virus specific RNA. The MSV genome was eliminated from cell DNA. In mouse
cells complex levels of reversion and spontaneous retransformation were noted.

B. Endogenous xenotropic viruses of both mouse and cat cells could be

controlled at various levels during the infectious process. Based on MSV

pseudotypes coated with xenotropic virus envelopes, the cell could prevent
the entry of MSV or alternatively could stop the xenotropic oncornavirus at

a stage past the entry and reverse transcription.
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Derepression of endogenous xenotropic virus information was also mediated by
infection of mouse cells with an ecotropic MuLV. Besides the xenotropic
virus, a novel oncornavirus was cloned which was apparently a hybrid
containing both eco- and xenotropic virus information.

Another new form of MSV was induced from outbred mouse S+L- cells from which
no helper virus was inducible by chemicals. The stability, host range, and

the surface properties of this MSV were unlike any previous isolate.

C. The S+L- isolate of MSV was unusual in that a major viral protein of MSV

was an uncleaved precursor protein, pr60. This was especially prominent in

non-murine mammalian S+L- cells. This precursor could be further cleaved
in vitro . The pr60 peptide contained at least the p30 and the pl5(E)

antigenic determinants and peptides. No gp71 determinants were present on

pr60. This precursor peptide was found in S+L- cells from five different
mammalian species tested.

Individual MuLV viral surface peptides such as gp71 and pl5(E) were
inoculated into heterologous species and the elicited viral neutralizing
antibodies were examined. Neutralization of homologous and heterolous
oncornaviruses could be accomplished by type specific, group specific and

also interspecies specific antibody. The murine xenotropic virus was

exceedingly susceptible to neutralizing antibody directed against the group
and the interspecies determinants of gp71 . Antibodies to pl5(E) were
interspecies specific and required complement. MuX and the hybrid
oncornavirus were most susceptible to pl5(E) antibody although feline
leukemia virus was also susceptible to a lesser degree. Antibodies to

several other purified MuLV polypeptides did not neutralize.

Natural immunity in mice was examined specifically in reference to the
potential murine xenotropic virus neutralization by normal mouse sera. The
virus was inactivated, but the reaction was not mediated via classical anti-
body. The factor was heat stable, and nondialyzable, and its activity could
not be abrogated by purified virus or viral proteins. Absorption of the
factor was possible with normal cells of several species.

Significance to Biomedical Research and the Program of the Institute :

A. The understanding of the basic composition of viral transforming genes
is highly significant. The interaction of such genes with normal cellular
controls has to be probed. The cell can gain a measure of control over such
transforming genes as seen in reversion. Reversion which resulted in the
elimination of the transforming genome is important in that the cell is now
genotypically normal.

B. Several endogenous xenotropic and hybrid oncornaviruses were isolated.
The extension of analogous procedures to human S+L- cells may lead to the
isolation or induction of a human type C virus (es) which may have to be
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isolated in cells of species other than human. The understanding of various
control levels of endogenous viruses is mandatory. The interactions of
incoming and endogenous viruses may be important.

C. The dissection of murine oncornavirus structure serves as a fundamental
model for other mamnalian oncogenic viruses with relevance to common
structures and functions. Hopefully feedback control molecules exist in
virus-infected cells which if introduced into an infected cell will result
in a termination of virus infections. The nature of the immune response to
isolated virus components has to be analysed in reference to the state of
protection in vivo . Based on initial studies a measure of protection can
be achieved in a heterologous species. This has obvious significance to the
human problem.

Proposed Course :

A. Determine the nature and the distribution of sequences of MSV which
induce and maintain transformation. Attempt to understand how this viral
information interacts with cellular control genes.

B. Continue the attempts at isolation of putative human endogenous oncorna-
viruses. Study the interactions and controls of known ecotropic and
xenotropic oncornaviruses. Determine whether xenotropic viruses are
potentially oncogenic.

C. To analyse further structure-function relationships of oncornavirus
RNA and antigens. To study the complex multi -component nature of the in
vivo immune response to homologous and heterologous oncornaviruses. To
determine the feasibility of protection obtained with purified viral
components or their specific antisera in heterologous species.

Publications :

Oskarsson, M. K., Robey, W. G., Harris, C. L., Fischinger, P. J., Haapala,
D. K. and Vande Woude, G. F.: A p60 polypeptide in the feline leukemia
virus pseudotype of Moloney sarcoma virus with murine leukemia virus p30
antigenic determinants. Proc. Natl. Acad. Sci . USA 72: 2380-2384, 1975.

Fischinger, P. J., Tuttle-Fuller, N., Huper, G. and Bolognesi, D. P.: Mitosis
is required for production of murine leukemia virus and structural proteins
during do novo infection. J. Virol. 16: 267-274, 1975.

Fischinger, P. J. and Nomura, S.: Alteration of malignancy in cultured cells.
In Proceedings of the XI International Cancer Congress, Florence 1974. Vol. 1,
Cell Biology and Tumor Immunology . Amsterdam, Excerpta Medica, 1974, 183 pp.
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Natural antibodies associated with mammary tumor virus infection and neoplasia

were characterized and their appearance was examined in relationship with the

onset of malignancy. Collaborative studies concerned characterization of viral

and cellular antigens associated with tumors and their role in the tumor host's

response in breast cancer, lymphoma and leukemia .
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Project Description

Objectives :

1. To develop new or to adapt current methods for the detection and char-
acterization of viral or cellular antigens associated with neoplasia.

2. To study the humoral and cellular immune responses of the host to

autochthonous and syngeneic tumors.

3. To explore applicable models for immunologic diagnosis, immunotherapy,
or possible prophylaxis of tumors.

Methods Employed :

Standard immunological, animal, biological, biophysical and cell culture
techniques. In most cases, these methods were modified sufficiently to

render them more sensitive or more efficient for the particular studies.

Major Findings :

At least five MTV-associated antigen specificities detected in natural anti-
bodies of MTV-positive mouse strains were resolved and partially character-
ized. Two of the comparable antigens also were isolated by solubilization
and are continuing to be defined. The antibodies appeared spontaneously
with age and were greatly enhanced when either spontaneous or transplanted
mammary tumors developed in mice. This enhancement was not detectable when
the mice were bearing tumors other than mammary cancer.

Distinct antibodies were found against normal thymocytes, murine leukemia
virus, mammary tumor virus, L-cell, and fetal antigens. By comparison,
tumor specific antibodies were found in relatively minor quantities. The
significance of the natural antibodies to the pathogenesis of tumors and the
antibodies' relationship to host expression of oncogenic viruses continue
under study.

Significance to Biomedical Research and the Program of the Institute :

The characterization of natural antibodies associated with virus-induced
tumors is significant because it clarifies any relationship between virus
expression, malignant transformation, and the mechanism of the host immune
response to tumors. These studies and the concomitant ones on the associated
antigens will serve to instruct in the development of methods for early
diagnosis for viral expression and tumor onset, and provide models for the

advance study of the interaction of the host and the tumor.
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Proposed Course :

To continue the characterization of tumor specific and tumor associated anti'

gens in order to produce test quantities of each. To test the protective
and/or enhancing capacity of monospecific active and passive immunization.

Publications :

None.

J
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Reverse transcripts of the RNA genome of the Bovine Leukemia Virus (BLV) as
well as radiolabeled BLV RNA^ hybridizes to the DNA of tissues from leukemic
cattle with the adult form of the disease, but not to bovine thymic lymphoma
or normal bovine tissues. Although BLV has many properties in common with
members of the family, it can be distinguished from known type C leukemia
viruses by a variety of biochemical criteria.
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Project Description

Objectives :

To determine the origin and relationship by nucleic acid homology of

endogenous type C viruses isolated from different mammalian species and to

study the extent and factors regulating the expression of the endogenous

type C viral genome.

Methods Employed :

Molecular hybridization is employed to fractionate and compare viral genomes.

Biochemical assays for expression of the viral genome in vivo include the

detection of gs antigen, viral reverse transcriptase and viral RNA synthesis.

Major Findings :

On the basis of data obtained over the past year, the following observations
have emerged concerning the bovine leukemia virus (BLV). First, although
BLV has many of the distinguishing properties of members of the family
Retraviradae, it can be distinguished from the type C virus group by the
absence of interspecies reactivity of the major viral protein with that of

all known type C viruses. Second, the divalent cation requirement for
the "endogenous" and "exogenous" reactions of the viral associated reverse
transcriptase is similiar to that of the Mason-Pfizer Monkey Virus, the
Guinea Pig Virus and MMTV. Third, the reverse transcriptase activity is not

inhibited by antisera prepared against that of any type C virus. Fourth,
using a double stranded DNA probe synthesized by the endogenous reaction of
BLV, we have shown that the BLV genome is not present in the cellular
genome of normal cattle or DNA extracted from a bovine thymic lymphoma. The
BLV genome is found in cellular DNA of lymphnodes from cattle which have the
adult form of lymphosarcoma (leukemia) or DNA from tumors in sheep which had

been experimentally infected with BLV. These results were confirmed using
radiolabeled viral 70S RNA as a probe. Fifth, the BLV genome is not related
by nucleic acid hybridization to that of any mammalian or avian endogenous
type C virus tested nor to MMTV. These results are consistent with the
acquisition of the BLV genome by leukemic cattle as a result of a horizontal
transmission of the virus from some other as yet unknown species.

Significance to Biomedical Research and the Program of the Institute :

The etiologic agent for leukemia in cattle is an infectious virus from
another species. This is, therefore, a situation where eradication of the
vector for virus spread should lead to prevention of the disease. In

addition, leukemia in cattle could provide a model system to study the
factors governing the horizontal spread of the disease within a species as
well as to other species. These studies suggest that the etiologic agent for
leukemia in other species need not conform to those properties exhibited by
the type C leukemia virus group.
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Proposed Course :

First, use the BLV reverse transcript to test human tumors for the presence
of the BLV genome. Second, test leukemic tissues of other species for the

release of viruses with biochemical and biological properties similar to

BLV. Third, test other forms of leukemia on cattle for the presence of the
BLV genome. Fourth, using the BLV reverse transcript as a probe, study
the spread of the virus and its expression during the development of the
disease in cattle.

Publications :

Benveniste, R.E., Sherr, C.J., Lieber, M.M., Callahan, R. and Todaro, G.J.:

Evolution of primate type C viral genes. In Gottlieb, A. A., Plescia, O.J.

and Bishop, D.H.L. (Eds.): Fundamental Aspects of Neoplasia . New York,

Springer-Verlog, 1975, pp. 29-53.

Callahan, R., Lieber, M.M. and Todaro, G.J.: Nucleic acid homology of
murine xenotropic type C viruses. Journal of Virology 15: 1378-1384, 1975.

Lieber, M.M., Sherr, C.J., Todaro, G.J., Benveniste, R.E., Callahan, R. and
Coon, H.G.: Isolation from the Asian mouse Mus carol i of an endogenous
type C virus related to infectious primate type C viruses. Proc . Natl . Acad .

Sci . 72: 2315-2319, 1975.

Todaro, G.J., Benveniste, R.E., Callahan, R., Lieber, M.M. and Sherr, C.J.:
Endogenous primate and feline type C viruses. Cold Spring Harbor Symposium
Quantitative Biology 39: 1159-1168, 1974.

Callahan, R., Lieber, M.M., Todaro, G.J., Graves, D.C. and Feerer, J.F.:
Bovine leukemia virus genes in the DNA of leukemic cattle. Science (In press)
1976.

•
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The purpose of this project is to study the immune response to tumor-associated
surface antigens on cells. The major effort is in the isolation and
characterization of soluble antigens from virus-induced tumors. Antigens
extracted from tumor cells using 3M KCl are being studied to determine their
chemical nature and immunological activities in vitro and in vivo . The immune
response to antigens present on tumor cells is also being investigated.
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2. Immunol ectron microscopy showed that natural antibody in gibbon serum
reacted with viral envelope antigen (VEA) of gibbon leukemia virus-infected
cells, and cross-reacted with VEA of simian sarcoma virus, baboon endogenous
type C virus, and some human leukemia cell lines. Soluble antigens prepared
from human lines by KCl extraction will be used to block this antibody.
Antigenic components will then be fractionated as described above.

3. C57BL/6 mice were immunized with a Moloney sarcoma virus-induced tumor
in BALB/c mice; the kinetics of the cellular and humoral immune response was
investigated. A biphasic cell-mediated response was demonstrated with
spleen lymphocytes. [The nature of these cytotoxic effector cells (i.e.,
T or B cells) is being investigated.] In contrast, lymphocytes from thymus
or lymph nodes showed a single peak of cytotoxic effector cell activity.
Cytotoxic antibody activity in the serum of immunized mice reached a peak
after cell -mediated immunity was no longer detectable.

Fresh tumor cells were a more effective immunogen than an established
tissue culture line prepared from the tumor cells.

Significance to Biomedical Research and the Program of the Institute :

Cancer patients cannot usually mount an effective immune response to their
own tumors. By investigating the immunological activities of solubilized
tumor antigens and the immune response to tumor cells in experimental systems,
we may better understand how to manipulate the immune response to effectively
reject the tumor. Our finding that serologically defined antigens (antibody-
combining) and lymphocyte-defined antigens (stimulatory) may be separable,
may provide us with the means to provoke an effective response.

The presence of immunosuppressive components in the soluble extracts may
provide one explanation for the ineffective immune response in tumor-bearing
hosts. If the immunosuppressive activities can be neutralized (i.e.,
passive immunization with specific antibody), the host may be immunologically
competent to respond to the tumors.

Proposed Course :

1. To analyze, chemically and immunologically, purified antigenic components
from leukemia cells of murine and primate (including human) origin.

2. To evaluate the immune response in vitro and in vivo to tumor antigens.

Publications :

Aoki, T., Liu, M., Walling, M. J., Bushar, G. S., Brandchaft, P. B. and
Kawakami , T. G.: Specificity of naturally occurring antibody in normal
gibbon serum. Science (In Press).
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Project Description

Objectives :

1. To isolate, purify, and characterize cell surface antigens from Moloney
virus-induced mouse leukemia cells.

2. To isolate, purify, and characterize cell surface antigens from other
murine tumors and human tumors.

3. To study the immune response to antigens from virus-induced tumor cells.

Methods Employed :

1. and 2. Antigens were solubilized from cells by extraction with 3M KCl

.

Soluble antigen activity was measured by the inhibition of antibody
dependent serological reactions (i.e., C -dependent 51cr-release cytotoxicity
assay; antibody binding to cells visualized by Immuno-Electron Microscopy
(lEM)).

In vitro sensitization of lymphocytes by soluble antigen was measured by the

incorporation of 3H-thymidine into sensitized cells. Purification of

soluble antigens was achieved by gel filtration chromatography and other
commonly used biochemical procedures.

3. Cell-mediated immunity was determined by lymphocyte-mediated cytotoxicity
assays (51Cr-relase and T^SjudR-release). Humoral immunity was measured
by C -dependent ^^Cr-release cytotoxicity assay.

Major Findings :

1. Soluble antigens from transplanted Moloney MuLV-induced C57BL/6 leukemia

(MBL-2) cells were fractionated by Sephadex G-200 column chromotography.
Immunogenic as well as immunosuppressive components were resolved.
Components capable of combining with antibody to inhibit serological

reactions were eluted in fractions corresponding to a molecular weight range
of 25,000-45,000 daltons. Components capable of stimulating the proliferatioi

of normal C57BL/6 lymphocytes were eluted with the void volume of the column
and also in a molecular weight range of 50,000 to 90,000 daltons. Immuno-

suppressive components, capable of inhibiting DNA synthesis in normal

lymphocytes and preventing a mixed-lymphocyte reaction had a molecular weight
range of 100,000 to 150,000 daltons. The distribution of stimulating and
immunosuppressive components overlapped to a great extent, but antibody-
combining components were fairly well separated from the higher molecular
weight material. Fractionation of antigens extracted from MBL-2 cells
labeled with 3h glucosamine and ^^C amino acids suggested that higher
molecular weight material was more highly glycosylated than lower molecular
weight material

.
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Brandchaft, P. B., Aoki , T. and Silverman, T. N.: Immunogenic and itmuno-

suppressive components in soluble preparation from Moloney murine leukemia

virus-induced tumor cells. Int. J. Cancer (In Press).

f
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SUMMARY OF WORK (200 words or less - underline keywords)

Studies are being conducted on the properties of leukemia-specific antigens
on AKR spontaneous leukemia (KSL) cells. Nonvirus-associated leukemia-
specific surface antigens , consisting of the common and the individual
antigens , are being demonstrated by indirect immunofluorescent microscopy.

As part of a wide scope of research, studies are being made on the incidence
and properties of naturally occurring antibodies against the primate type C

virus in sera from human individuals . Immunol oqical and virological methods
are being used in the screening.
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Project Description

Objectives :

1. To distinguish the tumor-specific cell surface antigens acquired by
malignant transformation from the surface antigens induced by type C virus,
and to characterize these antigens.

2. To do seroepidemiological screening for specific antibodies against
type C viruses from primates including baboon and gibbon ape in human sera
from normal and diseased individuals.

Methods Employed :

1. Establishment of new transplantable AKR leukemias, indirect immuno-
fluorescent microscopy, various cross-absorptions of antisera.

2. Radioimmunoprecipitation assay, focus reduction assay.

Major Findings :

1. The leukemia-specific surface antigen (LSSA) acquired by malignant
transformation was demonstrated on AKR spontaneous leukemias (KSL) by
indirect immunofluorescent microscopy. The LSSA was non-cross-reacting
with thymocyte, fetal, male-specific H-Y, E, and X.l antigens and with
antigens on Friend, Moloney, and Rauscher virus-induced tumors. The LSSA
consisted of two types: (a) a common antigen in all the KSL, and (b)

individual antigens found in 4 of 5 KSL which showed distinct patterns of
partial cross-reactivity with the other KSL.

2. Screening of one hundred or more of samples of human sera is in progress
by using radiolabeled viral antigens (gp70 and pl5) of simian sarcoma assoc-
iated virus (SSAV) and gibbon ape leukemia virus (GALV). Additionally,
preliminary tests showed that SSAV and GALV rescued MSV pseudotypes on
superinfection of 0-56 cells (sarcoma-positive and leukemia-negative).
These viruses were also shown to develop plaque formation by XC syncytial
plaque assay technique. Those virological methods are in parallel use for
screening.

Significance to Biomedical Research and the Program of the Institute :

1. The demonstration of nonvirus-associated leukemia-specific surface
antigens (LSSA), the common and the individually specific antigens, has not
yet been reported in type C virus-induced tumors. Our observations on
KSL induced by wild- type Gross murine leukemia virus are compatible with
those on mouse spontaneous mammary tumors. Our results will open a way to
elucidate whether the LSSA is expressed by the cellular or viral genome in
type C virus-induced naturally occurring tumors through biochemical isolation
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and characterization of the antigen. Moreover, selective attack on trans-
formed malignant cells may be possible by preparing highly specific
antibodies against LSSA.

2. Seroepidemiological study will provide a first step to survey further
in detail the relationship between type C virus and carcinogenesis in

human by immunobiological methods.

Proposed Course :

1. To isolate and characterize the immunological and biochemical properties
of the common and the individual antigens.

2. To analyse the properties of specific antibodies.

Publications :

Okazaki , E., Aoki, T. and de Kovlowsik, S. W. : AKR leukemia-specific surface

antigens acquired by malignant transformation: Their common and individual

specificities. Internat. J. Cancer (In Press).
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New methods have been developed for purifying the major viral envelope
glycoprotein (gp71 ) from Rauscher murine leukemia virus (R-MuLV) . This
purified gp71 was then used to quantitate and characterize the cellular mem-

brane receptors for murine leukemia viruses. The purified gp71 was found to
bind specifically to murine cells but not other mammalian cells. Binding was
prevented by specific antiserum raised to gp71 (anti-gp71). This binding
assay developed can detect receptors as few as 300 murine cells, and with
1 X 10^ cells gives significant binding within 30 seconds. The purified gly-
coprotein retains biologic activity and forms a stable complex with specific
receptors on mouse cell membranes. The assay was used to characterize the
nature of the cellular receptors that are essential for leukemia virus infec-
tion. Purified gp71 binding to mouse cells is prevented if the cells are
actively producing related mouse-tropic type C viruses, presumably because the
receptors are occupied and are not available to bind exogenously applied gp71

.

The binding of gp71 to murine cells is enhanced by the presence of calcium ion:

and low pH. A Scatchard plot showed that there are 700,000 receptors per
NIH/3T3 cell, and that the apparent affinity constant (Kg) for their inter-

action with purified gp71 is 5.6 x 10^0 Mole"!.
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Project Description

Objectives ;

Experiments will be carried out in order to study the control and expression
of type C leukemia viruses. Emphasis will be placed on mechanisms for the

control of viral receptors on cellular membranes, and their relationship to

host range, interference, and virus production. Control mechanisms for the

expression of these viral receptors will be examined both in vitro and in

vivo .

Methods Employed :

Affinity, ion exchange, and gel filtration chromotography are used for the

purification of the envelope glycoproteins. Sodium dodecyl sulfate poly-

acryl amide electrophoresis is used to check on the purity of the protein pre-

parations. Tissue culture methods are used to grow cells for determination

of the host range and the interference pattern between given viruses and host

cells. For host cells the number of receptors per cell and the binding con-

stants can be determined.

Major Findings :

The major envelope glycoprotein from Rauscher murine leukemia virus was puri-

fied to homogeneity in a biologically active form. This protein was radio-

iodinated and used to look for viral receptors on various cells. The
receptors were quantitated, the host range examined, and interference deter-

mined using this purified glycoprotein. The characteristics and optimal

conditions for this glycoprotein-receptor interaction were determined.

Significance to Biomedical Research and the Program of the Institute :

The first required event in the infectious pathway of the leukemia viruses is

that the "susceptible cell" must have cellular receptors on its surface mem-
brane for the adsorption and penetration of the virus particle. In vitro all

murine lines studied so far have a large number of receptors, and are suscep-
tible to mouse leukemia virus infection. In vivo , however, only certain
tissues are susceptible to leukemia virus infection. These target tissues
may be the only tissues in vivo that express receptors for the viruses. Con-

trolling the available receptors by preventing their synthesis or blocking
them may enable an animal to limit the spread of leukemia virus. An under-
standing of the genetics and control of receptor expression in vivo should
permit insights into the eventual control of leukemia in animals.

Proposed Course :

Glycoproteins from several different classes of leukemia viruses will be pur-
ified and used in the establishment of assays to characterize the cellular
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receptors for these leukemia viruses. These glycoproteins will also be used

to determine the viral host range and their interference patterns. Using
the Rauscher murine leukemia virus glycoprotein we will look for the in vivo
expression of gp71 , and mechanisms for the control and expression of viral

receptors.

Publications :

De Larco, J., Abramowitz, A., Bromwell, K. , and Guroff, G. : Polyadenylic
Acid-containing RNA from Rat Brain. J. of Neurochem . 24: 215-222, 1975.

i

De Larco, J,, Nakagawa, S., Abramowitz, A., Bromwell, K. , and Guroff, G.:

Polyadenylic Acid-containing RNA from Rat Brain Synaptosomes. J^. of

Neurochem . 25: 131-137, 1975.

De Larco, J. and Todaro, G. J.: Membrane Receptors for Murine Leukemia
j

Viruses: Characterization using the Purified Viral Envelope Glycoprotein,
\

gp71. Cell , February 13, 1976, (In Press). "j
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The project seeks to develop and perform special surgical techniques and
procedures for non - human primates related to their use in oncology research.
Procedures applicable to tumor management are used as well as those related
to studies of immunology, transplantation, therapeutics, etc.
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Project Description

Objectives :

1. To provide the National Cancer Institute and other cooperating
institutes with embryonic and fetal material from the primate colony

maintained at Litton Bionetics Research Laboratories (BRL).

2. To provide surgical procedures required to maintain and improve the

health of non-human primates.

Methods Employed :

1. Cesarean sections technique performed on primates (primarily Macaca
mulatta).

2. Developed and applied procedures for cannulation of thoracic lymph

ducts.

3. Hysterotomy and biopsy of fetal skin and muscle.

4. Laparotomy in non-human primates.

5. Many operative procedures are done to repair various clinical conditions.

6. Biopsy performed in primates.

Major Findings :

1. C-section techniques are also used for the following: to obtain fetal

material for large amounts of primary cell cultures used in NCI; to

provide most of the infants for the V.C.P. virus inoculation program at the

Litton Bionetics Research Laboratories project; to study the effect of

carcinogenic materials on fetuses inoculated in utrro; to provide through
amniocentesis recovery of drug in the amniotic fluids for the determination
of possible inducement of anomalies or tumors, and to salvage all placentae
for protein studies in relation to malignancy and birth control.

2. Cannulation of thoracic lymph ducts is used in rhesus monkeys for the

continuous collection of lymph in the study of the malignant tumors.

3. The C-section technique is used to present the fetuses and neonatal
animals for immunosuppressive studies and for inoculation of leukemia or

other cancerous materials as well as some viruses. Biopsies of fetuses are
used for tissue cultures for later infection with cancerous materials and
reinjection into the donor.

4. Laparotomy technique is used in the animals for studies of inoculation
of leukemia or cancerous materials.
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5. Surgical procedures are routinely performed to repair injuries resulting
from accidents that occur in the primate breeding colony. Some of these
procedures are: (a) suture and debridement of various wounds, and lacerations

of head, body, extremities, tongue, tail; (b) drainage of abscess;
(c) amputations of digits traumatized and tail ; (d) open reduction of
fractures; (e) herniorrhaphy-umbilical , vential , or inguinal; (f) closure
of wounds; (g) C-section to obtain fetuses in breech presentation, bleeding
due to premature placental separations, toxemia, protracted labor, prolonged
or overdue pregnancy, dead fetus, etc; (h) prolapse of rectus; (i) prolapse
of vagina and cervix; (j) D & C to remove decidua following abortion or
delivery; (k) tumor biopsy; and (1) laparotomy for ovarian cyst, ruptured
uterus, splenomegaly, etc.

6. Biopsy techniques are also used to obtain material and study the effects
of carcinogenesis. We performed biopsies of different organs, such as:

liver, spleen, lung and mammary glands.

Significance to Biomedical Research and the Program of the Institute :

Non-human primates have proven yery useful in research on human viral

diseases. They are man's closest phylogenetic relative and are the most
desirable model system in research projects which cannot utilize humans
directly. Much of the work in primate cancer research is dependent on the
highest quality surgical procedures for the provision of sterile fetal
tissue and healthy young free of pathogenic organisms. Surgical intervention
of lymph and other tissues requires great professional skill for maximum
animal health and comfort in addition to experimental validity.

Proposed Course :

Continue to provide the best possible surgical procedures for primate cancer
research.

Publications :

None

1553



SMITHSONIAN SCIENCE INFORMATION EXCHANGE
PROJECT NUMBER (Do NOT use this space)

U.S. DEPARTMENT OF

HEALTH, EDUCATION, AND WELFARE
PUBLIC HEALTH SERVICE

NOTICE OF

INTRAMURAL RESEARCH PROJECT

PROJECT NUMBER

ZOl-CP-04841-Ol-LVC

PERIOD COVERED

July 1, 1975 to June 30, 1976

TITLE OF PROJECT (80 characters or less)

The Structure and Distribution of the Nucleic Acid Sequences in the Moloney
Sarcoma Virus

NAMES, LABORATORY AND INSTITUTE AFFILIATIONS, AND TITLES OF PRINCIPAL INVESTIGATORS AND ALL OTHER
PROFESSIONAL PERSONNEL ENGAGED ON THE PROJECT

PI: A. E. Frankel
OTHER: P. J. Fischinger,

G. J. Todaro

SA Surg LVC NCI

Hd, Virus Control Sect. LVC NCI

Ch, Lab Viral Carcinogenesis LVC NCI

COOPERATING UNITS (if any)

None

LAB/BRANCH Office of the Associate Director, Viral Oncology Program
Laboratory of Viral Carcinogenesis

SECTION

Virus Control Section

NSTiTUTE AND LOCATION DTvTsTon of Cancer Cause & Prevention
NCI, NIH , Bethesda, Maryland 20014

TOTAL MANYEARS:

1.0
PROFESSIONAL:

1.0 0.0

SUMMARY OF WORK (200 words or less - underline keywords)

The Moloney sarcoma virus genome consists of two parts, a sarcoma specific part
(2,000 nucleotides) and a common part (5,500 nucleotides). The Moloney
leukemia virus has the common sequences and a leukemia specific region of
4,500 nucleotides. The different regions have different homologies to known
type C viral genomes. The sarcoma-specific sequences are unique except for
HT-1 sarcoma virus which has a complete copy of the Moloney sarcoma-specific
RNA. The common region is shared in part with all murine sarcoma viruses and
SSAV as well. The leukemia specific region is present in none of the murine
sarcoma viruses but is homologous in part with regions of all leukemia viruses.
The sarcoma specific region is present in all mouse DNA's in one closely
matched copy. There are related sequences in some rodents-hamsters, Praomys,
rats. These sarcoma specific sequences are expressed in M-MSV transformed
cell RNA but not in RNA of cells transformed by chemicals or other agents.
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Project Description

Objectives :

To understand the structure and function of the Moloney sarcoma viral genome
and the nature of the control of this genome in mammalian cells.

Methods Employed :

RNA-DNA and DNA-DNA hybridization using hydroxyl apatite and endogenous reverse
transcriptase. Virus is assayed by leukemia virus helper assay and focus

induction in S+L- cells.

Major Findings .

The Moloney sarcoma virus genome consists of two parts - a sarcoma specific

region consisting of 2,000 nucleotides and a common region of 5,500
nucleotides. The common region shares sequences with the Moloney leukemia
genome whereas the sarcoma-specific or "sarc" sequences are unique to the

sarcoma genome and are not present in the leukemia genome. Further the
Moloney leukemia virus possesses a leukemia specific region (leuk) approx-
imately 4,500 nucleotides in length.

Complementary DNA radioactivity labelled and specific for each region of

the sarcoma and leukemia viral genomes was made. The Moloney "sarc"

sequences were found to be unrelated to the Kirsten sarcoma or Harvey sarcoma
genomes but was related to the HT-1 sarcoma genome. Further the "sarc"

sequences possessed no homology to other murine leukemia virus RNA's, murine
xenotropic virus RNA's, MMTV, Rous sarcoma virus, or feline sarcoma virus
RNAs. Thus it appears there may be multiple different sets of sequences
which may be instrumental in transforming mouse fibroblasts.

The Moloney common sequence hybridized in some measure with all the murine
sarcoma virus genomes but with lower Tm's suggesting imperfect matching.

The Moloney leuk sequences would not hybridize with murine sarcoma RNA's but

would hybridize with complete murine leukemia viral RNAs.

These observations suggest distinctly different relationships among the

different genes in the Moloney sarcoma virus and perhaps function as well.

Cellular DNA's were examined to see if the "sarc" sequences of Moloney
sarcoma virus originated from normal mouse DNA. "Sarc" sequences hybridized
maximally with normal BALB/c mouse liver with a rate consistent with 1 copy
1 haploid genome and a Tm suggesting a near perfect copy in normal cells. A

phylogenetic survey has been done and while salmon and chicken DNA possess
essentially no homology to Moloney "sarc", these do appear to be distinctly
related "sarc" sequences in all mammals in the order:
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MUS musculus > mus carol i > rats > hamsters > mastomys > squirrels-man-cat-

dog-guinea pig > salmon - chicken based on percent hybridization and thermal

elution profile. Thus, the "sarc" sequences appear fairly conserved compared

with murine leukemia viral genes.

An interesting observation appeared in studying cells in tissue culture

transformed by MSV. Those cloned cells with helper leukemia virus present

had more copies in their DNA(8-15) than cells transformed by MSV without

helper virus present and replication("l"3) . This was tested for mouse,

cat, dog, and human cells transformed by MSV. Possibly, the reverse

transcriptase of the helper virus plays a part in producing this apparent

gene amplification or gene selection process.

We then examined the RNA in mouse cells to see if the sarcoma-specific

sequences were expressed in transformed cells not necessarily induced by

MSV. This would support a viral etiology for malignancies not expressing

complete infectious virus as proposed by Todaro and Huebner. To this date

we have not been able to detect "sarc" sequences in the RNA of chemically

transformed or non MSV viral ly transformed cells or tumors.

The RNA and DNA of revertant cat cells have lost the MSV genome, both parts

of it - "sarc" and "common" sequences are missing.

Significance to Biomedical Research and the Program of the Institute :

The type C viruses do appear to be capable of recombination as suggested

by Scolnick. They appear to be able to make normal cellular DNA sequences

a part of their genome in the case of M-MSV. Thus, we may have a better

understanding of the origin of the type C viruses. However, the role of

these virogenes in producing transformation has not been resolved. At least

there appear to be multiple viral genes - Moloney and Kirsten - Harvey

capable of leading to fibroblast transformation. But without knowing the

protein coded for by "sarc" sequences, the mechanism is unclear. Further

the lack of Moloney "sarc" sequences in chemically induced sarcoma suggests

there may not be a unitary set of genes responsible for sarcoma production.

Thus, the use of viruses to determine the unique mechanism of oncogenesis

appears less likely at present.

The cell controls exhibited in reversion and with producer vs. nonproducer

states show clear changes at the DNA-RNA information level suggestive that

the techniques adopted will be useful in defining the chemical mechanisms

of cell controls over the virus.

The evidence of some homology of "sarc" sequences throughout mammalia and

the similar finding by others in the avian system suggest a similar virus

on viral genes may ultimately be found for man. The results above should

be pertinent in an evaluation of such other mammalian sarcoma genes.
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Proposed Course :

Evaluate viruses such as the HT-1 virus which while possessing "sarc"

sequences may be defective in some part of "conrnon" sequences leading to

failure of cellular expression of certain viral proteins, or the failure in

cleavage of viral proteins.

Study in vitro translation of the MSV genome to discover protein coded for
by the sarcoma specific region of MSV.

Study the state of integration of MSV in permissive versus nonpermissive
transformed cells to better understand the mechanism of "gene multiplication',

Publications :

Frankel , A, E., Haapala, D. K., Neubauer, R. L. and Fischinger, P. J.:

Elimination of the sarcoma genome from murine sarcoma virus transformed cat
cells. Science (In Press).

Frankel, A. E., Neubauer, R. L. and Fischinger, P. J.: Fractionation of DNA
nucleotide transcripts from Moloney sarcoma virus and isolation of sarcoma
virus specific complementary DNA. J. Virol . (In Press).
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SUMMARY OF WORK (200 words or less - underline keywords)

This project, as well as project number ZOl-CP-04852-Ol-LVC, studies the
biochemical and biophysical properties of nucleic acids and polypeptides of
mammalian and human putative oncornaviruses. A summary of our major findings
for this fiscal year are as follows:

1. Poly(A), poly(C), and poly(G)-rich sequences or tracts have been
detected in the RNA of leukemia and sarcoma viruses.

2. Poly(U)-rich sequences have not been detected in the RNA of leukemia
and sarcoma viruses.

3. Four classes of viral RNA subunits have been identified according to
their polynucleotide tract composition.

4. The four classes of subunits have been assembled into a genomic model
for mammalian oncornaviruses.

5. These studies represent a possible molecular approach to cancer
therapy.
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%
Project Description

Objectives :

These studies are concerned with the biochemical and biophysical properties

of nucleic acids and polypeptides from mammalian and human putative leukemia

and sarcoma viruses. Our objectives are as follows:

1. The characterization of the nucleic acids and the structural polypeptides

from purified virions released from cells which were infected with leukemia

viruses or transformed by sarcoma viruses.

2. The isolation and characterization of the viral specific nucleic acid

and polypeptides from cells infected with leukemia and sarcoma viruses.

3. Studies to determine the defectiveness of mammalian sarcoma viruses at

the molecular level

.

4. The determination of the state of the sarcoma viral DNA in S+L- cells

which are not releasing particles; a determination of whether the DNA exists

as a plasmid, an episome, or whether it is integrated into the cellular DNA.

5. Partial sequences analysis of genomic and subunit viral RNA from leukemia

and sarcoma viruses to determine if the viral RNA subunits are the same

(polyploid) or different (haploid).

6. The determination of the role of poly(A)-, poly(C)-, and poly(G)-rich

sequences in genomic and subunit viral RNA.

a. Studies to determine the capacity of the covalently linked 3'-terminal

poly(A) sequence to act as primer for reverse transcriptase.

b. Studies to determine the degree of stabilization of viral RNA by

poly(A) after transcription and translation.

c. Studies to determine if poly(C)-rich tracts are involved in the

replication of leukemia and sarcoma viruses.

7. The determination as to whether RNase H and reverse transcriptase are

one enzyme with two separate mechanisms of action or whether they are two

separate enzymes with similar physical characteristics.

8. Characterization of the double-stranded regions in the genomic and

subunit RNA of leukemia and sarcoma viruses.

9. The determination of the effect of host modification of mammalian
sarcoma viral genomes in different cell lines and the expression of these
viral genomes in the cells during the development and subsequent regression
of some mammalian tumors.
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Methods Employed :

The focus assay for sarcoma viruses and the helper assay for leukemia viruses
are employed for the quantitation of the viruses. [3H]-uridine incorporation
in particles with a density of 1.16 g/cm^, RNA-dependent DNA polymerase
assays on supernatant fluids and electron microscopy are utilized to
determine if virus is released from transformed cells. For characterization
of the viral nucleic acids and polypeptides, standard biochemical and
biophysical techniques (analytical and preparative ultracentrifugation,
column chromatography, RNA-DNA hybridization, isotopic labeling, poly-
acrylamide gel electrophoresis, peptide fingerprinting, electrofocusing,
in vitro protein synthesis, enzymology, etc.) are being employed.

Major Findings :

Dr. Leo A. Phillips and Dr. Roy H. L. Pang studied the structure and nucleo-
tide composition of the ribonucleic acid (RNA) isolated from two mammalian
leukemia and sarcoma viruses: Rauscher leukemia virus (RLV) from JLS-V9 cells
and murine sarcoma and hamster leukemia viruses (S+H+) from HTG-1 cells. The
cells were labeled with either [3h] nucleotides (A, C, G, and U) or [32p]
phosphorus. The genomic RNA extracted from these oncogenic viruses are of
high molecular weight. The genomic RNA of RLV has an estimated molecular
weight of 9.94 x 10^ or 29,286 nucleotides. By means of polynucleotide
agarose affinity chromatography the nucleotides in the RNA of these viruses
were found to exist in tracts or sequences rich in adenylic acid (AMP),
cytidylic acid (CMP), and guanylic acid (GMP); known as poly(A)-, poly(C)-,
and poly(G)-rich sequences respectively. Using these polynucleotide
sequences or tracts as markers, Phillips and Pang were able to determine,
by means of polynucleotide agarose affinity chromatography, that the high
molecular weight or genomic RNA of these leukemia and sarcoma viruses was
composed of four subunits. They have assembled the four subunits into a

genomic model for the RNA of mammalian leukemia and sarcoma viruses as
observed. They speculate that the viral RNA subunits are lined or joined
together by poly(C):poly(G) hydrogen bonding as depicted in the model.

Significance to Biomedical Research and the Program of the Institute :

These biochemical and biophysical studies on the structure and nucleotide
composition of the RNA of mammalian leukemia and sarcoma viruses are
important for obtaining pertinent knowledge for the understanding of some
types of viral neoplasia. Detailed biochemical analysis of the RNA of
mammalian and human candidate or putative RNA-tumor viruses, could possibly
detect the existence of polyribonucleotide sequences or tracts in the viral
RNA which do not exist in nonviral messenger RNA(mRNA) of mammalian and
human cells. It is known that both the viral RNA of leukemia and sarcoma
viruses and the nonviral mRNA of mammalian and human cells contain poly(A)-
rich sequences.
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However, it is not known if nonviral mRNA of mammalian and human cells

contain poly(C) or poly(G)-rich sequences as detected in the oncornavirus

RNA. If it can be determined with certainty that oncogenic viral RNA

contains specific polyribonucleotide sequences which are not present in

nonviral mRNA of mammalian and human cells, then it becomes feasible to

make chemotherapeutic agents against the unique viral specific polyribo-

nucleotide sequences, or to induce the immune system to produce antibodies

against these unique viral sequences, to perhaps block the copying of viral

RNA into viral DNA by reverse transcriptase (transcription) and to block the

copying of viral RNA into viral proteins by cellular ribosomes (translation)

while not affecting the copying of cellular nonviral mRNA into cellular
proteins. If this selective blocking of viral RNA transcription or

translation can be achieved, a cure for some types of cancer can possibly

be accomplished. Although no human cancer has yet been proven to be caused
by a virus, a number of investigators in both the United States and elsewhere
have found strong evidence, that oncornaviruses may cause human leukemia,
human lung cancer, and human sarcomas. Consequently, Phillips's and Pang's
studies represent a possible molecular approach to cancer therapy.

Proposed Course :

These critical biochemical and biophysical studies of nucleic acids and

polypeptides from mammalian and human putative leukemia and sarcoma viruses
will be continued in order of their complexity.

Publications :

Pang, R. H. L. and Phillips, L. A.: Nucleotide sequences in the RNA of

mammalian leukemia and sarcoma viruses. Biochem. Biophys. Res. Comm. 67:

508-517, 1975.

Phillips, L. A. and Pang, R. H. L.: The detection and characterization
of polynucleotide sequences in the RNA of mamalian oncornaviruses.
Proceedings of the Vllth International Symposium on Comparative Research
on Leukemia and Related Diseases . Basel, Switzerland, S. Karger, AG

(In Press).
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SUMMARY OF WORK (200 words or less - underline keywords)

Kirsten (Ki)-MSV genome appeared absent from the cell RNA of 5 cloned revertants
derived from Ki-MSV-transformed nonproducer BALB/3T3 (Ki-BALB) cells. Except
1 clone, KCR-6113, contained 20% of the viral RNA of Ki-BALB cells. However,
MSV was not rescuable from KCR-6113 cells by MuLV, nor inducible by

5-iododeoxyuridine.

A new defective transforming virus (MSV-Z ) was isolated from mouse S+L- cells .

MSV-Z stock was free of detectable helper virus. The stability, host range and
surface properties of MSV-Z differed from known murine C-type oncornaviruses .

5-iododeoxyuridine treatment of S+L- cells increased MSV-Z titer.

Existence of several levels of susceptibility to endogenous murine or feline
xenotropic viruses in the homologous cell systems was described

A novel murine oncornavirus with dual eco and xenotropic properties was clonal l^B^
isolated. ^^
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Project Description

Objectives :

A. To investigate the mechanisms of cell transformation and reversion of
the malignant process.

B. To characterize a novel transforming virus (MSV-Z) isolated from S+L-
Moloney-3T3FL (S+L-(M-3T3FL)) cells.

C. To study the nature of ecotropic and xenotropic viruses.

Methods Employed :

A. Biochemical and biophysical procedures such as isotopic labeling,
extraction of nucleic acids, analytical and preparative ultracentrifugation,
reverse transcriptase assay and DNA-RNA hybridization were employed.

B. and C. Standard virological, biochemical, and biophysical techniques
were used. These include sarcoma virus focus formation, leukemia virus
focus induction, chemical induction and cell cocultivation, UV-irradiation,
cloning of cells, isopycnic density gradient centrifugation, reverse
transcriptase assay and electron microscopy.

Major Findings :

A. Previous reports have described the biological characteristics of flat
variants (revertants) from Ki-BALB cells and the effect of chemicals on

frequency of reversion. Ki-MSV could not be rescued from these revertants
by superinfection with MuLV, nor induced by treatment with 5-iododeoxyuridine.
To further investigate the genetic nature of reversion, we measured virus-
specific RNA in parental Ki-BALB cells and in several revertant clones.
Ki-BALB cells contained sequences homologous with viral RNA in their RNA.

With the exception of the KCR-6n3, a clone isolated after colcemid treatment,
there was no evidence of the presence of Ki-MSV genome in the RNA of these
revertants. In the KCR-6113 culture, the concentration of viral RNA was
20% of that of Ki-BALB cells.

B. S+L-(M-3T3FL) cells produce type C viral particles which are not infec-
tious for a variety of mammalian cells. A rescuable MSV genome is present
in such cell lines. The preparation of particles spontaneously released
from S+L- cells contain MSV which, upon coinfection with MuLV, is capable
of transforming SC-1 cells, a cloned line derived from wild mouse embryo.
This transforming virus is tentatively designated as murine sarcoma virus-
zero (MSV-Z). No productive infection can be detected following infection
with MSV-Z alone, but in the presence of MuLV, infection of SC-1 cells with
MSV-Z results in replication of MSV(MuLV) and MuLV.
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Exposure of S+L- cells to 5-iododeoxyuridine increases the titer of

transforming virus up to 400-fold, but we have detected no comparable

increase in reverse transcriptase activity or number of physical particles.

No replicating MuLV or xenotropic murine oncornavirus was detected after

chemical induction. The peak of transforming activity of MSV-Z is found

at a buoyant density 1.15 g/cm-^ in sucrose gradients. MSV-Z cannot be induced

from S+L- revertant cell lines.

Sensitivity to MSV-Z transformation appears to be limited to the SC-1 cell

line although some activity was detected upon infection of NRK cells. Based

on glycoprotein interference and neutralization tests, the viral envelope

of MSV-Z is distinct from the previously described murine C-type oncorna-

viruses.

C. Infection of murine and feline endogenous xenotropic virus in homologous

cell systems was controlled at various levels. Xenotropic virus appeared

after a single passage of Moloney MuLV from various mouse cells. Further-

more, a novel murine oncornavirus with dual eco- and xenotropic properties

was clonal ly isolated.

Significance of Biomedical Research and the Program of the Institute :

A. Studies of the virus expression at both the transcriptional and

translational level will increase our understanding of the mechanism of

viral oncogenesis and basic cellular regulatory controls.

B. A defective MSV population occurring free of detectable helper virus

should provide a useful system for immunological and molecular studies of

MSV genetic information and expression and for determining the nature of MSV
defectiveness.

C. Understanding of the interaction between exogenous and endogenous viruses,

various control levels of endogenous viruses and recombination of C-type
viruses may lead to the isolation of putative human endogenous oncornaviruses.

Proposed Course :

A. Further biochemical studies of both revertants derived from Ki-BALB and

S+L-(M-3T3FL) cells to understand the basic nature of MSV genome in cell

transformation and the interaction of MSV genome with cellular controls.

B. Further immunological and biochemical studies of MSV-Z to understand
the structure and function of MSV-Z, and the nature of the control of this

genome in mammalian cells.

C. Attempts at understanding the controls and interactions of endogenous
oncornaviruses which may lead to the isolation of putative human endogenous
oncornaviruses.
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Publications :

Fischinger, P. J. and Nomura, S.: Alteration of malignancy in cultured cells.

In Proceedings, XI Internation Cancer Congress, Florence 1974. Vol. 1,

Cell Biology and Tumor Immunology . Amsterdam, Excerpta Medica, 1974, pp.

183-188.

Fischinger, P. J. and Nomura, S.: Efficient release of murine xenotropic

oncornavirus after murine leukemia infection of mouse cells. Virology

65: 304-307, 1975.

Fischinger, P. J., Nomura, S. and Blevins, S. C: Two levels of restriction

by mouse or cat cells of murine sarcoma virus coated by endogenous
xenotropic oncornavirus. J. Gen. Virol . 29: 51-62, 1975.

Fischinger, P. J., Nomura, S. and Bolognesi, D. P.: A novel murine

oncornavirus with dual eco- and xenotropic properties. Proc. Natl. Acad. Sci

,

USA 72: 5150-5155, 1975.

Nomura, S., Fischinger, P. J., Hartley, J. W. and Mattern, C. F. T.:

Induction of a novel transforming virus (MSV-Z) from sarcoma positive

leukemia negative 3T3FL mouse cells. Virology 69 (In Press).

Nomura, S. and Fischinger, P. J.: Rapid screening assay for revertants of

MSV-transformed cells. In Prescott, D. M. (Ed.): Methods in Cell Biology .

New York, Academic Press, Inc., 1976, Volume 14, (In Press).
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Burkitt's lymphoma (BL) is of great importance to human tumor studies because
of the epidemiologic, virologic and immunologic evidence that it is virus-
induced. The Burkitt Tumor Project (BTP) in Accra, Ghana , is an attempt to
systematically study a series of BL patients in order to clarify the
pathogenesis of the disease and better control . Current studies are evaluating
the possibility of different strains of Epstein-Barr Virus (EBV) as the cause
of BL, looking at humoral and cell-mediated immunity to EBV and tumor-associated
antigens as diagnostic and prognostic tools in BL, and investigating the role
of malaria as a cofactor in disease etiology .
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Project Description

Objectives:

1. To develop virologic, immunologic and epidemiologic studies to determine

whether Epstein-Barr Virus is etiologically related to Burkitt's lymphoma

and whether antibodies can be used as a diagnostic or prognostic tool

2. To determine the role of cellular immunity in Burkitt's lymphoma with

particular attention to the pattern of delayed hypersensitivity to antigens
derived from cultured Burkitt's lymphoma cells.

3. To study the role of malaria in Burkitt's lymphoma.

4. To study the clinical features of Burkitt's lymphoma in order to evaluate

treatment regimes, clinical features of the disease, and factors affecting

prognosis.

Methods Employed :

Ghanaian patients suspected of having Burkitt's lymphoma were referred by

government and mission hospitals from all parts of Ghana. The majority of

the patients came primarily from the southern third of Ghana, facility of

transportation, population distribution and cultural considerations
influencing this apparent greater number of cases from the South. Upon

arrival in Accra, the patients were given a complete clinical work-up,
including biopsy for histological examination and diagnosis. Pre- and

post-treatment serum samples were collected at 1, 2, 3, 6, 9, 12, 18, and

24 month after diagnosis. These were matched with a single serum collection

from asymptomatic controls, matched by age, sex and tribe. These sera were

tested for antibodies to EBV viral capsid antigen and to the diffuse (D) and

restricted (R) components of the early antigen complex (EA) by indirect
immunofluorescence procedures. Antibodies to EBV-determined nuclear antigen

EBNA were determined by the anti -complement immunofluorescence method.
Patients with histologically confirmed BL were studied for cutaneous
hypersensitivity to antigens derived from the Raji line of BL cells, to

antigen from a normal cell line, to mumps, PPD and Candida skin-test
antigens. Tests were made pre- and post-treatment at intervals of 1 to 3

months post-treatment and at time of recurrent tumor.

Hemoglobin types were determined by electrophoresis. Matching pairs or sets

were analyzed to determine if there was a higher incidence of the S or C

hemoglobin trait among patients with BL as compared with their neighbors.

Patients with histologically confirmed Burkitt's lymphoma were studied for

factors which might influence prognosis, such as site(s) of original tumor,

tumor burden and clinical stage of disease on presentation. Patients who had

recurrent tumor within 12 weeks of attaining complete remission were
considered to have early relapse and those relapsing after 12 weeks were
classified as having late relapse.
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Throat washings were obtained by gargling with medium RPMI 1640 followed
by the addition to the gargle of 5% fetal calf serum and storage at minus

70 degrees C.

Major Findings : ^
An analysis made of 141 consecutively admitted patients with confirmed W
Burkitt's lymphoma showed that all patients, siblings and neighbor controls
gave positive antibody titers to VCA antigen but that the geometric mean

titer in patients was significantly higher than in the controls. No

neighbor controls or siblings had antibodies to EA-R or EA-D antigens.
Patients who relapsed after one year of sustained remission had significantly
higher anti-EA-R titers than those who did not. Anti-EA-D titers were most
often found in patients with multiple relapse. Non-survivors had high anti-
body titers more often than survivors.

Prior to treatment, the majority of the first 54 patients studied for

cutaneous delayed hypersensitivity had negative cutaneous reactions to the

Raji antigen. Those who achieved complete remission usually converted to

positive within 1 to 3 months post-treatment.

In the malaria studies, it was noted that there was not protective factor
conferred by either the S or the C hemoglobin factor (trait) and therefore, ^^
protection against malaria could not be equated with protection against BL. ^p
In studying the relapse patterns in BL patients who had achieved complete
remission, it was found that there was a higher relapse rate in patients
who had abdominal tumor on presentation than in those who presented with
localized (usually facial) tumors. Patients who had early relapse
(within 12 weeks or less after achieving complete remission) had a poorer
prognosis than did those who relapsed late. There was a higher incidence
of central nervous system involvement in relapse in those patients who had
early recurrent tumor, and their prognosis was significantly poorer than
those who had late relapse.

The study of clinical features of 110 patients with Burkitt's lymphoma
showed that in general, patients with Stage I or Stage II (localized,
generally facial) tumor responded better to initial chemotherapy, had
fewer recurrent tumors, and had a longer survival time (actuarially
calculated) than did Stage III (intra-abdominal or intra-thoracic tumor)

patients, and that Stage IV (malignant pleocytosis) patients had the poorest ^^
initial response, poorest prognosis, and shortest survival time. ^^
A high incidence of oropharyngeal excretion of Epstein-Barr Virus was

found both in the Burkitt's lymphoma patients (48%) and in the matched
controls (45%). This compares with an incidence of 77% in American patients
with infectious mononucleosis and 13% in age-matched controls. Cross
neutralization tests between EBV strains derived from BL and IM patients
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and their sera failed to detect differences in the major neutralizing
antigenic components. Cord blood lymphocytes transformed by American

EBV expressed only early viral functions (EBV nuclear and soluble
complement-fixing antigens) and produced no detectable transforming activity.

By contrast, cord-blood lymphocytes transformed by African EBV strains

contained 0.2--0.3% of cells with EBV capsid and early antigen and

produced EBV with transforming activity. Thus, the African isolates of
EBV appeared to be biologically different than the isolates obtained in the

United States.

Significance to Biomedical Research and the Program of the Institute :

Burkitt's lymphoma is one of the most important human tumors to be

investigated because of the number of features indicative of a viral

etiology. Seasonal variation in disease incidence, time-space clustering
and confinement to areas of holoendemic malaria have emphasized the
importance of environmental factors in the etiology of BL, and the recent
detection of EBV genome in fresh BL tumor cells has strengthened the
likelihood that this particular herpes virus is an important causal factor.
The studies in this project are important in defining the relationship
of EBV to BL through the integration of virological, epidemiological,
immunological and clinical studies.

Proposed Course :

EBV isolates from throat washing of BL patients and controls will continue
to be studied for evidence of different biological properties with
particular attention to comparison with isolates from NPC and IM patients.

Skin test reactivity will continue to be evaluated as a prognostic tool
and, in addition, membrane preparations derived from lymphoid lines
associated with BL, NPC and normal individuals will be compared to attempt
to identify tumor related antigens.

Parameters relating to EBV infection and immunity will be compared in

children infected heavily with malaria and children with a light burden to
investigate the role of malaria on the immune system.

Publications :

Gerber, P., Nkrumah, F.K., Pritchett, R. and Kieff, E.: Comparative
studies of Epstein-Barr Virus strains from Ghana and the United States.
International Journal of Cancer 17: 71-81, 1976.

Nkrumah, F.K. and Perkins, I.V.: Sickle cell trait, hemoglobin C trait and
Burkitt's lymphoma. American Journal of Tropical Medicine and Hygiene .

(In press) 1976.
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This project, as well as project number Z01-CP-04842-Q5-LVC, studies the
biochemical and biophysical properties of nucleic acids of mammalian oncorna-
vi ruses. A summary of our major findings for this fiscal year are as follows;

1. Poly(A), poly(C), and poly(G)-rich sequences or tracts have been detected.

2. Poly(LI)-rich sequences have not been detected.

3. Four classes of viral RNA subunits have been identified according to
their polynucleotide compositions.
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Project Description

Objectives :

The objectives of the proposed studies include:

1. Characterization of nucleic acids isolated from purified virions.

2. Isolation and characterization of viral specific sequences in producer
and nonproducer cell lines after effective infection.

3. Determination of the role of adenylic acid-rich (poly(A)-rich) cytilylic
acid-rich (poly(C)-rich) and guanylic acid rich (poly(6)-rich) sequences in

genomic viral RNA and viral RNA subunits.

4. Studies on host modification of mammalian sarcoma viral genome in

different cell lines and the effect of host modification on expression of
viral sequences in the cells.

5. Studies on viral expression during the development and subsequent
regression of mammalian tumor.

Methods Employed :

Viruses were titered by either focus or helper assays. Characterization of
nucleic acids involved analytical and preparative ultracentrifugation,
affinity chromatography, hybridization, isotopic labeling, polyacryl amide
gel electrophoresis, etc.

Major Findings :

The nucleotide sequences in viral RNA from purified murine sarcoma and hamster
leukemia viruses (S+H+) from HTG-1 cells and Rauscher leukemia viruses (RLV)
from JLS-V9 cell lines were examined by means of enzymatic degradation and
polynucleotide agarose affinity chromatography. Although uridyl ic acid-rich
(poly(U)-rich) sequences could not be detected, poly(A)-rich, poly(C)-rich,
and poly(G)-rich sequences were detected in both genomic viral RNA and viral
RNA subunits. The presence of these sequences was further substantiated by
chemical analysis. According to their homopolynucleotide sequences four
types of viral RNA subunits were detected in RLV and S+H+ viruses by means
of serial polynucleotide agarose affinity chromatography.

Significance to Biomedical Research and the Program of the Institute :

The biochemical and biophysical studies on the structure and nucleotide

composition of RNA of mammalian leukemia and sarcoma viruses, coupled with
analysis of viral specific sequences in cells after effective infection,
could facilitate better understanding of the regulation of phenotypic
expression of specific viral sequences, ranging from the presence of viral
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specific antigenic determinants to production of defective or infectious

viral particles. The addition, deletion, and amplification of all or part

of viral sequences in cells could be utilized to correlate specific viral

sequences to specific phenotypic expression. The analysis of the functional

sequences in detail could facilitate effective chemotherapy of neoplasia.

Proposed Course :

These critical biochemical and biophysical studies of nucleic acids and

polypeptides from RNA tumor viruses will be continued in order of their

complexity.

Publications :

Pang, R. H. L. and Phillips, L. A.: Nucleotide sequences in the RNA of

mammalian leukemia and sarcoma viruses. Biochem. Biophys. Res. Comm . 67:

508-517, 1975.

Phillips, L. A. and Pang, R. H. L.: The detection and characterization
of polynucleotide sequences in the RNA of mammalian oncornaviruses.
Proceedings of the Vllth International Symposium on Comparative Research
on Leukemia and Related Diseases . Basel, Switzerland, S. Karger, AG

(In Press).

t
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Endogenous type C viruses have been isolated from several different baboon
species by cocultivation of various tissues with heterologous mammalian cells.
With ^H-DNA transcripts prepared from these viruses, partially homologous
nucleic acid sequences have been detected in the cellular DNA of all Old World
monkeys and apes, including man. A comparison of the rates of evolution of viral
gene sequences distinguishes those primates that have evolved in Africa from
those that have evolved in Asia. Among the apes, only gorilla and chimpanzee
are classified by these criteria as African, while gibbon, orangutan, and man are
identified as Asian, leading to the conclusion that most of man's evolution has
occurred outside Africa.

We have also documented that several of the presently-known mammalian type C

viruses arose by trans-species infection from distantly related species several

million years ago. There are now four examples of this phenomenon. Type C

viruses thus have a propensity for trans-species infection and subsequent
integration into the germ cells of evolutionarily distant species.
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Project Description

Objectives :

To isolate type C viruses from various mammalian species and to examine the

relationships among these viruses as well as their biological and biochemical ^
properties. ^
Methods Employed :

Type C viruses are isolated by cocultivation of cell lines and tissues from

various mammalian species with a wide variety of heterologous cell lines.

The presence of a type C virus replicating in a cell line is usually first

detected by assaying the pellet obtained after high speed centrifugation of

supernatant fluid from cells with synthetic templates that can detect low

levels of reverse transcriptase activity. Specific antisera prepared against
all the known mammalian type C viral reverse transcriptases and radioimmuno-

assays for various type C viral proteins are employed to characterize new

isolates. Radioactively - labeled ^H-DNA copies of the various type C viral

genomes are available to examine for the presence of related nucleic acid

sequences in cell lines and tissues of various species and to characterize
the species of origin of new isolates. A wide variety of virologic assays

are also used to study the biologic properties of new type C isolates, such

as host range, viral interference patterns, and presence of transforming |^
(sarcoma) viruses. ^;

Major Findings :

A. All Old World monkey, ape, and human tissues contain endogenous primate

type C virogene nucleic acid sequences .

Endogenous type C viruses have been isolated from four different baboon

species (genus Papio ) as well as from a closely related genus ( Theropithecus )

by cocultivation of various tissues and cell lines with suitable heterologous

mammalian cells. With ^h-DNA transcripts prepared from the endogenous baboon

type C viruses, partially homologous sequences have been detected in the

cellular DNA of all Old World monkey and ape genera, including man. This

demonstrates that all Old World monkey and great ape families (including the

human family Hominidae ) possess endogenous type C virogenes, and, thus, the

potential for producing endogenous type C viruses. Within the primates, type

C viral genes have evolved as the species have evolved, with virogenes from

more closely related genera and families having more sequence homology than |M
those from distantly related taxons. Furthermore, a comparison of the rates ^
of evolution of viral gene sequences and that of other cellular sequences

distinguishes those primates that have evolved in Africa from those that have

evolved in Asia. Among the apes, only gorilla and chimpanzee are classified

by these criteria as African, while gibbon, orangutan, and man are identified

as Asian, leading to the conclusion that most of man's evolution has occurred

outside Africa. The ubiquitous presence of endogenous type C virogenes ^m-.
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among anthropoid primates and their evolutionary preservation for at least
30-40 million years suggest that such genes provide functions with a selective
advantage to the species possessing them.

B. Evidence for interspecies transfer of type C viruses .

We have documented that several of the presently-known mammalian type C

viruses arose by trans-species infection from distantly related species sev-
eral years ago. There are now four examples of this phenomenon.

1. By several criteria, including nucleic acid sequences homology and anti-
genicity of the polymerase and the p30 protein, the various baboon viruses
are related to, but distinct from, the endogenous cat viruses of the RD-n4/CCC
group. The unexpected relatedness of the endogenous cat and the endogenous
baboon viruses suggested that they had a common origin. All members of the
cat family Felidae (36 species belonging to six genera) are closely related
as shown by the homology of their cellular DNA. Only five species of the
genus Felis (domestic cat, sand cat, jungle cat, European wildcat, and black-
footed cat) contain endogenous virogenes related to the RNA of RD-114. How-
ever, all Old World monkey and ape species examined have nucleic acid sequences
related to RD-114. These findings suggest that viral genes from primates gave
rise to infectious particles that not only integrated into the DNA of an ances-
tor of the domestic cat but were incorporated into the germ line and trans-
mitted as cellular genes. By examining the divergence time of the various
species discussed above, this infection is believed to have occurred about
5-7 million years ago in the Mediterranean basin.

2. A high degree of nucleic acid sequences homology was also shown between
the pig type C viral -^H-DNA probes and murine cellular DNA. This unexpected
relationship again suggested that these two viruses had a common origin. A
comparison of various rodents and ungulates for virogenes related to the known
mouse and pig viruses suggested that the pig virus originated from an infec-
tion of an ancestor of the domestic pig with a murine type C virus approxi-
mately seven million years ago.

3. Similar kinds of nucleic acid hybridization studies have also led to the

observation that reiterated gene sequences related to the RNA of feline
leukemia virus (FeLV) are detected in all tissues of domestic cats and their
close Felis relatives but not in more distantly related Felis species. Par-
tially homologous viral gene sequences are found in rodent, and particularly
rat, DNA. These results lead to the conclusion that FeLV-related genes were
transmitted from a rodent to cat ancestor and have been perpetuated in the
germ line of cats.

4. The infectious primate type C viruses isolated from a woolly monkey and
a gibbon ape have been shown to be related immunologically and by nucleic acid
hybridization to murine viruses; these data again are consistent with the
possibility that these viruses arose from endogenous murine viruses. In fact,
an infectious, xenotropic type C virus has been induced from a cell line
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derived from the Asian feral mouse Mus carol

i

which shares strongly cross-
reactive reverse transcriptase and p30 antigens with type C viruses isolated
from a woolly monkey and gibbon apes.

These four examples show that type C viral genes have a propensity for trans-
species infection and subsequent intergration into the germ cells of evolu- 0^
tionary distant species.

C. Localization of mammalian type C viruses in the genome of various species .

Both RD-114 and FeLV type C viruses are found in multiple copies (14 to 30) in

the cellular DNA of all tissues of the domestic cat ( Felis catus ). The leopard
cat (£. bengalensis ) is a spotted wildcat found throughout Southest Asia which
lacks RD-114 and FeLV-related DNA sequences. Since leopard cats produce viable
offspring when bred with domestic cats, one can study the segregation of both
sets of virogenes in F] hybrids and in the progeny of a backcross to the

virogene-negative parent. The data obtained show that the cellular DNA of the

F] hybrids contains half the number of copies of each set of sequences. The
RD-114 and FeLV virogenes segregate together in the backcrossed animals in a

manner consistent with their localization at a single chromosomal site. An

analysis by molecular hybridization of somatic cell hybrids that preferentially
segregate cat chromosomes should allow a chromosomal assignment to be made for

both RD-114 and FeLV. ^.

Significance to Biomedical Research and the Program of the Institute :

The cocultivation techniques which have resulted in the isolation of endogen-
ous primate type C viruses from baboons should be applicable to the isolation
of a variety of mammalian type C viruses.

We have shown that all higher primates, including man, contain information in

their tissues (antigens and nucleic acid sequences) related to endogenous
primate type C viruses.

The discovery that many of the mammalian type C viruses arose by trans-species
infection shows that viruses of one species can readily infect another species

in vivo . For example, the infectious primate type C viruses (isolated from

gibbon apes and a woolly monkey) most likely represent a very recent, perhaps

contemporary, infection with viruses from a Southeast Asian rodent. These
viruses have not yet been incorporated into the genomes of all members of the

infected species. As such, these viruses appear readily capable of producing ^
neoplastic disease in primates. t^

Proposed Course:

We are attempting to isolate new type C viruses, especially from primate and
human tissues. Using 3H-DNA probes prepared from all known mammalian type C
viruses, we are attempting to find nucleic acid sequences in a variety of
human tumors related to one of these type C viruses.
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The apparent generality of trans-species infection of type C viruses raises
the possibility that these viruses may cause neoplasia when they are in the
process of being transferred from one species to another. Since there are
many closely related animals available that either possess or lack virogene
sequences, this possibility is being actively investigated by inoculating the
appropriate animals with type C viruses.

Publications :

Benveniste, R. E., Sherr, C. J., Lieber, M. M., Callahan, R. and Todaro,
G. J.: Evolution of Primate Type C Viral Genes. In Gottlieb, A. A.,
Plescia, 0. J. and Bishop, D. H. L. (Eds.): Fundamental Aspects of Neoplasia .

New York, Springer-Verlag, 1975, pp. 29-53.

Todaro, G. J., Lieber, M. M. , Benveniste, R. E., Sherr, C. J., Gibbs, C. J.,

Jr. and Gajdusek, D. C.: Isolation of infectious primate type C viruses from

the brains of normal gibbons. Virology 67: 335-343, 1975.

Benveniste, R. E. and Todaro, G. J.: Segregation of RD-114 and FeLV-related
sequences in crosses between domestic cats and leopard cats. Nature 257:

506-508, 1975.

Benveniste, R. E., Sherr, C. J. and Todaro, G. J.: Evolution of type C viral

genes: Origin of feline leukemia virus. Science 190: 886-888, 1975.

Benveniste, R. E. and Todaro, G. J.: Evolution of type C viral genes. III.

Preservation of ancestral murine type C viral sequences in pig cellular DNA.

Proc . Nat . Acad. Scl. USA 72: 4090-4094, 1975.

Lieber, M. M. , Sherr, C. J., Todaro, G. J., Benveniste, R. E., Callahan, R.

and Coon, H. G.: Isolation from the Asian mouse Mus carol

i

of an endogenous

type C virus related to infectious primate type C viruses. Proc . Nat. Acad .

Sci . USA 72: 2315-2319, 1975.

Todaro, G. J., Sherr, C. J. and Benveniste, R. E.: Baboons and their close

relatives are unusual among primates in their ability to release complete

endogenous type C viruses. Virology , in press.

Benveniste, R. E. and Todaro, G. J.: Evolution of type C viral genes: Evi-

dence for an Asian origin of man. Nature , in press.

Lieber, M. M. , Benveniste, R. E., Sherr, C. J. and Todaro, G. J.: Isolation

of a type C virus (FS-1) from the European wildcat ( Felis sylvestris )

.

Virology 66: 117-127, 1975.

Lieber, M. M. , Benveniste, R. E., Sherr, C. J. and Todaro, G. J.: Biologic
and immunologic properties of porcine type C viruses. Virology 66: 616-619,

1975.
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The eventual purpose of this project is to study the properties of tumor
specific antigens which are not related to known viral structural proteins .

The present interest is to study the size and molecular nature of tumor
specific antigens. Methods will also be developed to study the antigenic
relationship between structural proteins of primate viruses and human

leukemic cells.
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Project Description

Objectives :

To characterize the properties of surface antigens on mouse sarcoma

transformed nonproducer cells.

To characterize surface antigen on murine leukemia cells.

To study possible relationship of primate viral antigens and human leukemia

cells.

To study antigens specific for transformed cells.

Methods Employed :

Cells used are Moloney and Kirsten sarcoma viruses transformed nonproducer

cells. Methods used in isolating plasma membrane and membrane proteins are

employed immune absorption and immunoelectron microscopy.

Cells used are MBL-2, Eo^2 and FBL-3. Cells are labeled with ^^^I or ^H-

Glucosamine. The membrane is then solubilized and precipitated by antisera

prepared against leukemia cells. The immune precipitate was then analyzed
by polyacryl amide gel electrophoresis.

Primate viral proteins are purified and radioimmunoassay will be used in

this investigation.

Major Findings :

Antisera against K-BALB were prepared in BALB/c mice; however, normal

BALB/c IgG pool showed some labeling on the surface of K-BALB. Whether this

labeling is nonspecific or is due to natural antibody against K-BALB is still

under investigation.

125 3
The immune precipitate of I and H-glucosamine labeled Fa'G2 and MBL-2

showed a major peak corresponding gp70 of murine leukemia virus. Normal

C57BL/6 lymphocytes also have peaks at gp71 positions but with less activity.

Besides gp71 , leukemia cells show a peak with molecular weight larger than

100,000 daltons in molecular weight. This large molecular weight glycoprotein
is absent in normal lymphocyte.

Significance to Biomedical Research and the Program of the Institute :

If specific surface antigens can be purified from virus transformed and

leukemic cells and either nature characterized, we will be able to gain
an insight into the mechanism of viral transformation and leukemogenesis.
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Proposed Course :

To analyze further the specificity of normal BALB/c serum against K-BALB.

To proceed the fractionations of proteins from plasma membranes of K-BALB

and determine the fractions capable of absorbing the activity of antisera
to K-BALB.

Use sera absorbed with purified virus to study further the surface antigens
of leukemic cells which may have antigenic properties different from VEA.

Purified gp70, p30, and pl5 from gibbon ape and baboon virus and develop
radioinmunoassays suitable for application on human leukemic cells.

Publications :

De Diuli, C, Hanafusa, H., Kawai, S., Dales, S., Chen, J. H. and Hsu, K. C.

Relationship between A-type and C-type particles in cells infected by Rous
sarcoma virus. Proc. Natl . Acad. Sci . USA 72: 3706-3710, 1975.
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Analysis of specificities of naturally occurring antibodies in sera from
healthy humans, patients with malignancies , and healthy gTbbon apes against
surface antigens of type C viruses from primates. Model experiments of
immunotherapy of type C virus-induced spontaneous and primary tumors using
cryosurgery or Streptococcus pyogenes . Purification of enhancing and
suppressing factors of sarcoma virus-induced primary tumors from blood
platelets.
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Project Description

Objectives :

1. To analyze the specificity of naturally occurring antibody in primates to
antigens on the envelope of type C viruses isolated primates.

2. To demonstrate the location of type C virus envelope antigens contained
in MuLV-pl5(E) and gp70.

3. To establish a model system for immunotherapy of tumors.

4. To study the effect of lyophilized Streptococcus pyogenes on cell-mediated
immunity in Moloney (M) murine sarcoma virus (MuSV) induced sarcoma.

5. To determine the role of blood platelets in the growth of type C virus-
induced tumors.

Methods Employed :

1. & 2. Immunoelectron microscopy (I EM), purification of viral envelope- and

cell-surface components, and absorption of test sera with various cells,
virions, and purified antigens.

51 125
3. & 4. Cryosurgery, Cr and I releasing lymphocytemediated cytotoxicity
tests, and fractionation of T- and B-cells.

5. Purification of platelets, sonication, and fractionation of soluble
components

.

Major Findings :

1. Gibbon natural antibody examined by I EM reacted with the entire envelope
of type C virus and with areas on the cell surface equivalent to or smaller
than the diameter of a virion in gibbon and human culture cells infected
with or releasing type C viruses. The activity was absorbed completely by
two cell cultures infected with gibbon ape leukemia virus and the virus itself,

and partially by normal gibbon spleen cells, dog thymus-derived cells infected
with baboon endogenous type C virus, and fresh white blood cells obtained
from a patient with chronic myelogenous leukemia in acute blastic crisis.
However, test serum did not react with MuLV, M-MuSV-induced BALB/c primary
sarcoma, and feline leukemia virus. Sera from healthy humans reacted with
viral envelope antigens simian sarcoma virus, gibbon ape leukemia virus, and
baboon endogenous type C virus. These sera did also react with putative
human type C virus (HL23V and HEL-12V).

2. The antiserum against MuLV-pl5(E) or gp70 labeled sparsely over the entire
viral envelope. The antiserum against pl5(E) showed more type-specific than
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the other antiserum which was group-specific. These sera also labeled smaller
areas on the cell surface than the diameter of a virion.

3. After the growth of BALB/c primary M-MuSV-induced sarcoma in one leg,

2/3 of the tumor was removed by cryosurgery. The cytotoxic activity of

lymphocytes from these mice was much higher than that of untreated mice.

Lymphocyte-mediated cytotoxic activity showed two peaks in time course.

4. The incidence of spontaneous leukemia in AKR mice was reduced from 95% to

65% by inoculation with a preparation of St. pyogenes . By this treatment,

the production of naturally occurring humoral and cell -mediated antibodies to

MuLV-associated surface antigens markedly increased in healthy C57BL/6,

BALB/c and AKR mice.

5. Peripheral blood platelets of quail, mice, and humans, when injected

together with sarcoma viruses, enhanced the growth of Rous sarcomas in

chicken and M-sarcomas in BALB/c mice respectively. Depending upon the

amount of platelets inoculated, these tumors were suppressed. It has become
evident that there are two factors in blood platelets: one enhances virus-

induced tumors and another suppresses them.

Significance to Biomedical Research and the Program of the Institute :

1. The findings of naturally occurring antibodies in sera from humans and

gibbon apes against type C viruses from primates suggest that these viruses

share group- or subgroup-specific antigens. In particular, these antigens
showed cross-reaction with putative human type C viruses and nonproducing
human lymphocytic and/or myelogenous leukemic blood cells, which also

suggests that oncogenic type C viruses may exist in humans. These results

meet the one of final major goals of viral etiology research.

2. By determining the distribution of specific antigens contained in MuLV-
pl5(E) and gp70 on surfaces, the detection of specific viral antigens on

human malignant cells or putative type C viruses is made possible,
particularly since the labeling fashion by I EM varies according to the

recognition of various antigenic determinants by antibody.

3. & 4. The use of spontaneous or primary tumors instead of transplanted
tumors makes it more significant to examine various immunotherapeutic effects.
In addition, cryosurgery could be utilized in the autochthonous system by

the specific active immunization. The treatment with St . pyogenes opens a

new way to approach the nonspecific immunotherapy of tumors.

5. The purification of enhancing and suppressing factors of MSV-induced
primary sarcoma growth will be ^ery useful for interpreting the mechanisms
of tumor growth and immunotherapy.
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Proposed Course :

1. To detect putative human type C virus by analyzing the specificity of

natural antibodies in human sera using original nonhuman virus-producing

tumor cells and purified surface antigens.

2. To isolate viral envelope antigens of type C viruses isolated from

primates in order to find corresponding antigens in human malignant cells.

3. & 4. To enhance host immune response to tumor-specific antigens by the

combined use of specific and nonspecific immunotherapy in addition to

conventional chemotherapy.

5. To characterize chemically the enhancing and suppressing factors of

MSV-induced sarcomas.

Publications :

Aoki , T., Herberman, R. B. and Liu, M.: Heterogeneity of surface antigens

on endogenous type C virus-producing cell sublines derived from a clonal

line of BALB/3T3 cells. Intervirology 5: 31-42, 1975.

Aoki, T., Potter, M., Sturm, M. M., Liu, M. and Walling, M. J.: Cell

populations and known surface antigens of tumors induced by Abel son virus

in pristane-primed BALB/c mice: an analysis by inmunoelectron microscopy.

J. Natl. Cancer Inst . 55: 1097-1106, 1975.

Aoki, T.: Surface antigens of normal and neoplastic lymphohematopoietic
cells. Immunological Aspects of Neoplasia . Baltimore, Maryland. The

Williams and Wilkins Company, 1975, pp. 149-167.

Aoki, T. and Sibal, L. Sj RNA oncogenic virus-associated antigens (and host

immune response to them). In Becker, F. F. (Ed.): Cancer: A comprehensive

treatise . Vol. 4, Plenum Publishing Co., New York, 1975, pp. 159-183.

Aoki, T. and Sibal, L. S.: C-type virus-associated antigens and their

relevance to human leukemia control. Cancer Res . 36: 591-597, 1976.

Aoki, T., Liu, M., Walling, M. J., Bushar, G. S., Brandchaft, P. B. and

Kawakami , T. G.: Specificity of naturally occurring antibody in normal

gibbon serum. Science , (In Press).

Aoki, T., Kvedar, J. P., Mollis, V. W., Jr. and Bushar, G. S.: Strepto-

coccus pyogenes preparation OK-432: Immunoprophylactic and immunotherapeutic

effects on the incidence of spontaneous leukemia in AKR mice. J. Natl .

Cancer Inst . , (In Press).
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Sibal, L. S. and Aoki , T.: Immunological control of RNA tumor viruses:
Antigenic characterization. In Yershoz, F. (Ed.): Voprosi Virusologii , USSR
Acad. Med. Sci . , Moscow, 1975, pp. 210-223.

Sendo, F., Aoki, T., Boyse, E. A. and Buafo, C. K.: Natural occurrence of
lymphocytes showing cytotDXic activity to BALB/c radiation-induced leukemia
RLc/1 cells. J. Natl. Cancer Inst . 55: 603-609, 1975.

Herberman, R. B., Aoki, T., Connon, G., Liu, M. and Strum, M.: Location
by immunoelectron microscopy of carcinoembryonic antigen on cultured
adenocarcinoma cells. J. Natl . Cancer Inst . 55: 797-799, 1975.

Brandschaft, P. B., Aoki, T. and Silverman, T. N.: Immunogenic and immuno-
suppressive components in soluble preparations from Moloney murine leukemia
virus-induced tumor cells. Internat. J. Cancer (In Press).

Aoki, T. and Sibal, L. R.: Surface antigens associated with RNA type C

viruses. Excerpta Medica International Congress Series No. 350 , Vol 2,

pp. 243-247, 1975.

Okazaki , E., Aoki, T. and de Kovlowsik, S. W. : AKR leukemia-specific surface
antigens acquired by malignant transformation: Their common and individual
specificities. Internat. J. Cancer (In Press).

I
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Work will be directed at specification of control mechanisms of mammalian
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neoplasia in many mammalian systems . Their possible role in human disease
is a consideration which underlies all work in this area.
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Project Description

Objectives :

Work will be directed at specification of control mechanisms of mammalian
type C viruses.

Methods Employed :

Methods used will include XC plaque test, reverse transcriptase assays,
DNA:DNA and DNA:RNA hybridization experiments, cellular cloning and indirect
immunoflorescence.

Major Findings :

There are no reportable findings at this time.

Significance to Biomedical Research and the Program of the Institute :

C-type viruses appear to be clearly associated with neoplasia in many
mammalian systems. Their possible role in human disease is a consideration
which underlies all work in this area.

Proposed Course :

Attempts at isolation of various control mutants of C-type virus are well
underway. Their early interactions in cell infection will be investigated.
Work at characterization of possible cellular mutants is also anticipated.

Publications :

None
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Project Description

Objectives :

Type C viruses from transformed and nontransformed cells of mice, cat and
primate cells will be isolated and characterized with respect to their
biochemical properties as well as their biological activities in vitro and,
where possible, in vivo . Mechanisms regulating the expression of these
viruses will be studied in in vitro activation experiments.

Methods Employed :

Cell lines from inbred strains of mice, cats and primates will be used in
in vitro transformation experiments with chemical carcinogenesis and selected
growth conditions. Expression of type C viral functions during the action
of the oncogenic agent as well as in clonal cell lines isolated from individ-
ual foci of stably transformed cells will be analyzed by immunofluorescence
with viable and fixed cells, radioimmunassays for viral structural proteins,
DNA:RNA. Biological properties of isolated viruses from nontransformed and
transformed cells will be studied in in vivo tumorigenicity experiments.
Their effect on growth properties of established cell lines susceptible to
infection as well as their effect on transformation frequencies of established
cell lines will be determined in quantitative in vitro carcinogenesis and
cocarcinogenesis experiments.

Major Findings :

Type C viruses isolated from most transformed clones of a lOTl/2 cell line,
established from the low leukemic strain of mouse C3H, were found to differ
from viruses obtained from non-transformed clones in that only the former
replicate efficiently on the cell of origin, cause the appearance of the GIX
antigen on the surface of infected cells and the formation of syncytia in

contact with XC cells. This ability is acquired after the activation and
release of nonreplicating endogenous virus from individual transformed cells
and is the consequence of a genetic change in the virus which occurs at high
frequences upon reinfection of transformed nonproducer cells. This genetically
altered virus is now similar to the n-ecotropic MuLV from the high leukemic
strain AKR.

The XC-phenotype, that is the ability of type C viruses to cause syncytial
formation in the XC test, has been analyzed and identified as a host range
function. Typing of a variety of type C viruses from mice, cat and primates
has revealed that only a minority of these viruses can be detected in the
XC-assay.

Activation and cocultivation experiments with a chemically transformed cell
line from 129 mice have led to the isolation of ecotropic MuLV.
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Significance to Biomedical Research and the Program of the Institute :

These studies will facilitate the isolation of new type-C viruses and provide

knowledge concerning the regulation of their expression and their possible

involvement in transformation.

Proposed Course :

Nontransformed and transformed cell lines/strains will be established from

tissues of mice, cat and primates. Nontransformed lines will be tested for

their suitability in in vitro transformation experiments. Clones of in vitro

transformed cells or cell lines established from tumorous tissues will be

analyzed for type-C viral expression and used in virus isolation experiments.

The significance of the expression of type-C viral functions to tumor inci-

dence and growth will be studied by examining sera from normal subjects and

tumor bearers for antibodies directed against type-C viral proteins.

Publications :

Rapp, U.R., Nowinski, R.C., Reznikosf, C.A., Heidelberger, C: Endogenous
C-type virus in chemically induced transformation: Transformation independent
of virus production. Virology 65: 392-409, 1975.

Rapp. U.R., Nowinski, R.C.: Endogenous Ecotopic mouse type C viruses
deficient in replication and production of XC plaques. Journal of Virology
(In Press) 1976.

Jones, P. A., Benedict, W.S., Baker, M.S., Modal, S., Rapp, U.R., Heidelberger,
C. : Oncogenic transformation of C3H/10T1/2 clone 8 mouse embryo cells by
halogenated pyrimidine nucleotides. Cancer Research, Vol. 36: 101-107, 1976.
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A bioassay in mice for human cell-mediated immunity to skin test antigens
was developed. A seven by seven "checkerboard" testing for cross-reacting
tumor rejection antigens between methyl cholanthrine-induced squamous cell
carcinomas in mice revealed several shared antigens, in contrast to pre-
viously reported findings that chemically induced sarcomas in rodents
possess tumor-unique, non-cross reacting antigens. In a mouse model for
a cancer skin test , tumor specific depression of the test by intraperitoneal
inoculation of tumor homogenate was shown. Sarcomas were routinely derived
from Balb/3T3 cells and C3H lOTl/2 cells by implanting them subcutaneously
attached to glass or plastic substrates. The selective growth of tumor
cells over normal cells on transparent sheets of Teflon was demonstrated.

I

i;
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Project Description

Objectives :

1. Using animal model systems, to develop for the immunodiagnosis and immuno-
therapy of human tumors.

2. To identify phenotype markers of tumor cells in vitro that correlate with
tumorigenicity in vivo , and to analyze these markers by biochemical and
genetic means.

Methods Employed :

Tumor-graft rejection assays, delayed hypersensitivity assays against tumor
antigens, in vitro assays for humoral and cell-mediated immunity against
tumors. Tissue culture and cinematographic procedures associated with tumor-
igenicity in vivo . Protein biochemistry procedures.

Major Findings :

Common tumor rejection antigens were demonstrated in methyl cholanthrene-
induced squamous cell carcinomas of mice, in violation of previous dogma that
chemically-induced tumors of rodents possess individually unique antigens.
A bioassay in mice for human cell-mediated immunity against skin test anti-

gens was developed. Peripheral blood lymphocytes from patients with positive
skin test reactivity to PPD, when mixed with PPD and inoculated into the
foot-pad of immune-suppressed mice, gave a foot-pad delayed hypersensitivity
reaction (measured by a sensitive radioisotopic assay) that was directly
proportional to the degree of skin test reactivity of the patients donating
the lymphocytes. Specific depression of the anti-tumor foot-pad delayed
hypersensitivity response was produced by the intraperitoneal injection of

tumor homogenate. Both Balb/3T3 and C3H lOTl/2 cell lines, conmonly used as

non-tumori genie lines and compared with tumori genie sublines produced by

transformation with viruses, chemicals, x-irradiation, etc., proved to be

tumori genie if implanted in low cell dosage (2X10^ cells) attached to 3mm
glass beads or small plastic platelets. Sheets of transparent Teflon proved
to be non-adhesive substrates on which tumorigenic, but not non-tumorigenic,
cells would grow. Both human and rodent normal and tumor lines could be dis-

criminated in this fashion.

Significance to Biomedical Research and the Program of the Institute :

The finding of common tumor-rejection antigens in chemically-induced squamous
cell carcinomas of mice gives support to the possibility that similar shared

tumor-rejection antigens will be found in squamous cells carcinomas in humans

(lung, cervix, esophagus, oropharynx, lower urogenital tract). A mouse bio-

assay for human cell -mediated immunity to skin test antigens promises to be
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useful because the patient can be adoptively "skin-tested" repeatedly with-

out sensitization by the antigen. The finding that "contact-inhibited" cell

lines previously considered non-tumori genie are indeed tumorigenic if

implanted subcutaneously attached to solid substrate gives insight into the

nature of the neoplastic transformation process as a sequential acquisition
of altered characters that promote malignant behavior. The selective growth

of malignant cells on Teflon makes available a system for identifying tumor-
igenic cells that is superior to growth in soft agar for many purposes.

Proposed Course :

The mouse bioassay for human cell-mediated immunity to skin test antigens will

be extended to become a bioassay for cellular immunity to tumor cells in

cancer patients. The tumorigenic behavior of normal adult skin cells implanted
attached to plastic substrates will be explored. The isolation and character-

ization of tumor-rejection antigens, particularly those with augmented immuno-

genicity by virtue of being derived from cells infected with a surface-budding
virus such as influenza virus, will be vigorously pursued.

Publications :

Paranjpe, M. S., Boone, C. W., and Eaton, S.: Specific depression of the

anti -tumor cellular immune response with autologous tumor homogenate.
Cancer Research , 35: 1205-1209, 1975.

Paranjpe, Meera S., and Boone, C. W.: Intermittent sphering of virus-trans-

formed and other neoplastic cells observed by time lapse cinematography.

Exptl. Cell Res. , 94: 147-151, 1975.

Boone, Charles W.: Malignant hemangioendotheliomas produced by the sub-

cutaneous inoculation of Balb/3T3 cells attached to glass beads. Science ,

188: 68-70, 1975.

Takeichi, N., and Boone, C. W.: Local adoptive transfer of the anti-tumor
cellular immune response in syngeneic and allogeneic mice studies with a

rapid radioisotopic foot-pad assay. J. Natl . Cancer Inst. , 55: 183-187, 1975.

Paranjpe, M. S., Boone, C. W. , and Eaton, S.: Selective growth of malignant

cells by in vitro incubation of Teflon. Exptl. Cell Res. , 93: 508-512, 1975.

Takeichi, Noritoshi, Economou, George C, and Boone, Charles W.: Accelerated

regeneration of trypsin-treated surface antigens of SV40 transformed Balb 3T3

cells induced by X-irradiation. Cancer Research , in press, 1976.

Gillette, R. W. , and Boone, C. W.: Changes in the mitogen response of lym-

phoid cells with progressive tumor growth. Cancer Research , 35: 3774-3779,

1975.

Takeichi, N., Economou, G. , and Boone, C. W.: Local adoptive transfer of

anti-tumor cellular immunity to xenogeneic animals studied with a radio-
isotopic foot-pad assay. J. Natl . Cancer Inst. , in press, 1976.
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Research , in press, 1976.
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Mouse embryonic cells (BALB 238) were transformed by exposure to UV-irradiated
Herpes Simplex Virus (HSV) Type 2. Transformed cells induced tumors in
syngeneic normal adult mice and expressed HSV associated antigens which
could be measured by tumor transplant rejection and delayed hypersensitivity
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experiments are designed to demonstrate similar type specific glycoproteins
in HSV infected mouse embryonic cells and to determine if they are related
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1595

PHS-6040
(12-75)



Project No. Z01°CP-04890-05-LVC

Project Description

Objectives :

1. To isolate and characterize tumor transplantation antigens using the

following virus-tumor-mouse strain systems: (1) SV40-transformed BALB/3T3
fibrosarcoma in BALB/c mice and (2) Herpes simplex virus (UV-irradiated,
strain savage. Type 2) - transformed BALB 238 fibrosarcoma in BALB/c mice.

2. To define the role of virus-induced antigens or virus-modified host
cell antigens in tumor transplant rejection.

3. To develop a reliable alternative to the tumor rejection assay for

measuring tumor transplantation antigen activity.

4. To develop protocols for the use of transplantation antigens in

immunotherapy and immunodiagnosis.

5. To demonstrate carbohydrate in tumor transplantation antigens and to

determine its biological significance.

Methods Employed :

The following techniques were applied: tumor transplant rejection assay and
delayed hypersensitivity tests to measure tumor antigens; carbohydrate
analysis by radio-gas chromatography; fractionation of extracted tumor
antigens by gel permeation chromatography, ion exchange chromatography,
isoelectric focusing, affinity chromatography and preparative differential
centrifugation; detection of virus-associated antigens by indirect
immunofluorescence techniques.

Major Findings :

1. Herpes simplex virus (HSV) type-specific glycoproteins were isolated
from rabbit kidney cells infected with strain 333 (Type 2) or strain H4
(Type 1) HSV according to procedures published by A.S. Kaplan et al . The
glycoproteins were further purified and concentrated by gel permeation
chromatography and affinity chromatography.

2. A nuclear antigen detected by indirect immunofluorescence techniques
was found in BALB 238 embryonic cells transformed with UV-irradiated
HSV-2. This antigen reacted with a variety of sera from tumored animals
and is not specific for HSV.

3. Experiments were initiated to probe the relationship between type
specific glycoproteins found in the culture fluids of HSV infected rabbit
kidney cells and the HSV associated antigens expressed by transformed cells.
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Significance to Biomedical Research and the Program of the Institute:

The experiments will produce reagents potentially useful in studying
diseases associated with herpesvirus infections. The reagents will also
be useful in examining the role of herpesviruses as oncogenic agents in

man.

Proposed Course :

Type specific glycoproteins from HSV-infected rabbit kidney cells will be

studied further and antisera against them produced in rabbits. Similar
type specific proteins from HSV-infected BALB 3T3 cells will be sought.
Emphasis will be placed on analysis of the carbohydrate in these
glycoproteins and elucidation of its biological role.

Publications :

Boyd, A.L., Orme, T.W. and Boone, C.W.: Transformation of mouse cells with
HSV-Z. In H. Zur Hausen, G. de The, and A. Epstein (Eds.): Oncogenesis
and Herpesviruses , Vol. 2 lARC, Neremburg, Germany, pp. 429-436. •

Boyd, A.L. and Orme, T.W.: Transformation of mouse cells after infection
with ultraviolet irradiation-inactivated herpes simplex virus type 2.

Int. J. Cancer 16: 526-538, 1975.
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SUMMARY OF WORK (200 words or less - underline keywords)

The location of the portion of the cell cycle which requires anchorage
dependence in normal cultured cells was determined using cells grown i_n

soft agar , methylcellulose , and on Teflon . The block occurs during
cytokinesis or early Gl phase. A mathematical method was devised for

quantitating density dependent inhibition of proliferation in tumor cells I

which exhibit a density effect but do not reach a stationary saturation
density. Specific suppression of the anti-tumor immune response as measure^^
by a radioisotopic footpad assay was produced by the intraperitoneal 9
inoculation of tumor homogenate. Selective growth of tumor cells on Teflon

was demonstrated, providing a useful system for studying anchorage
dependence of normal cells and for assaying tumorigenic potential in vitro.
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Project Description

Objectives :

1. To correlate in vitro phenotype alterations of cultured cells with their
tumorigenic potential.

2. To determine mechanisms of "eclipse", of the specific paralysis of the

anti -tumor immune response which occurs after a threshold tumor size.

Methods Employed :

Time-lapse cinematography of malignant and normal cell lines cultured on

various adherent and non-adherent substrates. Tumor-rejection assays and

anti-tumor delayed hypersensitivity assays in tumor-bearing and tumor-immune

mice.

Major Findings :

Teflon discs form a selective substrate for the growth of malignant cells in

vitro. Normal cells will not divide on Teflon. Using time-lapse cinemato-

graphy and isotopic labelling, the block in the cell cycle of normal cells

on Teflon appeared to be in cytokinesis or early Gl phase. Homogenates of

tumor cells inoculated intraperitoneally specifically suppressed the anti-

tumor cellular immune response as measured by a radioisotopic foot-pad assay.

The suppression was shown to be due to tumor-derived substances which bound

to immune lymphoid cells and could be washed off to restore anti -tumor cell

reactivity.

Proposed Course :

Work will continue on specifying the exact period during the cell cycle at

which lack of anchorage prevents growth of normal cells. Correlations

between in vitro "markers" of tumorigenicity in various human and murine cell

lines will be quantitated (e.g. anchorage dependence, serum growth requirement,

fibrinolysin activity, lectin agglutinability, etc.).

Publications :

Paranjpe, M. S., Boone, C. W., and Eaton, S.: Specific depression of the

anti-tumor cellular immune response with autologous tumor homogenate. Cancer

Research , 35: 1205-1209, 1975.

Paranjpe, Meera S., and Boone, Charles W.: Intermittent sphering of virus-

transformed and other neoplastic cells observed by time lapse cinematography.

Exptl. Cell Res. . 94: 147-151, 1975.

Paranjpe, M. S., Boone, C. W., and Eaton, S.: Selective growth of malignant
cells by in vitro incubation on Teflon. Exptl. Cell Res. . 93: 508-512, 1975.
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Boone, C. W. , Takeichi, N. Paranjpe, M. and Gilden, R.: Vasoformative
sarcomas arising from Balb/3T3 cells attached to solid substrates. Cancer
Research , in press, 1976.
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Over ninety somatic cell hybrids between FeLV producing cat cells and endogenous
!^uLV producing mouse cells were examined for restriction of expression of Type C
viruses and their structural proteins. The hybrids were highly segregated for
feline chromosomes and retained the entire mouse chromosome complement as
determined by karylogical examination and development of 28 isozyme markers. All
the hybrids were negative for FeLV and FeLV p27 and two were positive for RD114
and RD114 p30. All the hybrids were severely restricted in expression of a
B-tropic endogenous virus seen in the mouse parent. Back selection experiments
demonstrate a syntenic relationship between the feline MuLV restriction locus ,

glucose- 6-phosphate dehydrogenase and hypoxanthine guanine phosphoriboxyl trans-
ferase . The block of the feline restriction locus occurs at a time late in
virus maturation insofar as restricted hybrids form MuLV antigens and budding
viruses but fail to release them into the culture medium. Twenty-two early
passage tissue culture explants of methocholanthrine induced fibrosarcomas were
examined electrophoretically for changes in 50 different proteins (21 major
soluble proteins and 29 enzymes) reflecting dysfunction in the processes of gene
action leading to a normal protein. The results suggest high degree of fidelity
of overall gene action in transformed cells.
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Project Description

Objectives :

1, Examination of the mechanism of genetic regulation of expression of M
endogenous Type C viruses and their protein in mammalian cells. This W
includes: (a) development of type specific assay systems to distinguish

between the different endogenous murine and feline RNA virus viz. host

range and immunological procedures; (b) construction of somatic cell hybrids

between different mammalian species which differ in their virogenes as well

as in their virus restriction loci; (c) genetically map virion structural

genes and virus restriction genes in hybrids segregating parental chromosomes.

2. Examination of the character, extent and regulation of cellular structural

gene dysfunction in transformed cells. The analysis includes: (a) examination

of 29 randomly selected isoenzyme gene products for gene dysfunction in

transformed tissue culture lines; (b) examination of 21 major soluble

proteins in the same lines; (c) examination of surface components of the

same lines; (d) genetic analysis of the regulation of aberrant gene products

and their relationship or synteny to the transformed phenotype.

3. Genetic analysis of tumorigenicity in culture, including: (a) segregation

analysis of tumorigenicty in somatic cell hybrids; (b) genetic complementatJft

matrix of tumorigenicity in a number of independently transformed lines. x

Methods Employed :

The following techniques are used: (a) radioimmunoassay for viral proteins

and double labeling for detection of cell surface antigens; (b) lactoper-

oxidase labeling of cell surfaces with radio-iodine; (c) starch gel and

polyacrylamide gel electrophoresis (PAGE), and isoelectric focusing;

(d) in vitro radioisotope assay of RNA-dependent DNA polymerase as a viral

marker; (e) somatic cell hybridization and various cell culture procedures;
(f) chemical mutagenesis of cells and selective procedures for acquisition

of selective transformed cell lines; (g) cytological chromosome banding

procedures.

Major Findings :

Over 90 somatic cell hybrids between a B-tropic MuLV producing mouse
adenocarcinoma cell line and an FeLV producing feline kidney cell line were^
examined for FeLV and MuLV. The hybrids were highly segregated for feline 1%^
chromosomes as monitored by karyology and isozyme markers. FeLV was never
detected nor were FeLV associated antigenes, presumably due to segregation
of FeLV associated structural genes, in feline chromosomes. Two hybrids

c
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expressed RD114 and their antigens. All hybrids examined were diminished
1-2 logs in MuLV production. Back selection experiments with thioguanine
and aminopterin demonstrated a syntenic association feline G-6-PD, HGPRT
and the feline MuLV restriction locus. The block of the feline restriction
locus occurs late in MuLV maturation since restricted hybrids make MuLV p30
and express budding virions by transmission electron microscopy. Apparently,
the process of virion release is prevented since supernatant particles are
devoid of MuLV by polymerase and by electron microscopy.

Twenty-two early passage tissue culture explants of methylcholanthrine
induced fibrosarcomas from Balb/c mice were examined for biochemical changes
in 47 different proteins in an electrophoretic survey. Crude soluble
extracts of the transformed and the control cultures were subjected to SDS-
polyacryl amide gel electrophoresis (PAGE) and densitometrically scanned
resolving twenty-one major bands. These same extracts were examined for
twenty-nine gene-enzyme systems of mouse by histochemical development of
electrophoresis gels. Seventeen of the 21 proteins examined on SDS-PAGE
were quantitatively invariant in each of the transformed lines and identical
to control lines. Four proteins varied quantitatively in only a few of the
transformed cell lines with the majority of the lines remaining identical to
the controls. Of the 29 gene enzyme systems, 17 were identical to the
controls in each transformed line. Two systems, LDH-A, and an esterase,
have microheterogeneity in controls that was absent in all (with 1 exception)
of the transformed lines. Seven of the 26 systems varied either in activity
or in isozyme formation in only some of the transformed lines. Possible
allozyme variation was observed in four cases, twice in control lines and
twice in transformed lines. These results suggest a high degree of fidelity
of overall gene action in transformed cells.

The expression of type, group and interspecific determinants of p30 and gp70
on infected cell surfaces was examined. Type specific and interspecies
determinants of p30 and gp70 are expressed on infected cell surfaces, but
group specific determinants of gp70 are inaccessible to exogenous antibody.
Interspecies determinants detected by cell mediated immune responses were
also detected between FeLV and MoLV infected cells in addition to slight
cross-reactivity of tumor protection antigens. MuLV p30 expressed on cell
surfaces was found to comprise the sum of passively absorbed protein and
de novo synthesized protein.

Significance to Biomedical Research and the Program of the Institute :

The analysis of the metabolism of leukosis virus infection and its relation-
ship to antigen assembly provides important information about the course of
cell modification as the result of tumor virus infection and expression.
The understanding of the virus and host genetic machinery active in a

malignant cell is necessary for any meaningful attempt to correct or destroy
cancerous tissue. The resolution of surface antigens on the virus-infected
cell surface and the comparative immunogenicity of cell surface antigens are
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of immune importance in the evaluation of immunotherapeutic procedures for

tumor cell protection and removal. The analysis of host gene dysfunction

will be the first attempt to provide a thorough study of the biochemical

character of aberrant host gene action following neoplastic transformation.

The parasexual genetic analysis of gene action following neoplastic

transformation. The parasexual genetic analysis of gene dysfunction and
|

tumorigenicity is an important approach to the understanding of genetic

regulation of cell division in normal and malignant mammalian cells.

Publications :

O'Brien, S.J.: Biochemical Mutations in D^. Melanogaster . In King

R.C. (Ed).: Handbook of Genetics 3 : New York Plenum, 1975, pp. 669-678.

O'Brien, S.J., Kleiner, G., Kern, J. and Reynolds, J.: Zymogram pheontypes

of widely used cell lines from various animal species. Isozyme Bulletin 9:

20-27, 1976.

O'Brien, S.J., Boone, C.W., Simonson, J.M. and Austin, F.: The paired

label assay for cell surface antigens. Tissue Culture Association Manual

(In press).
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C. 1. COLLABORATIVE RESEARCH BRANCH

a. Branch Summary

The Collaborative Research Branch of the Vipal Oncology Program, Division
of Cancer Cause and Prevention, was established during the year to partici-
pate in the planning, development and scientific administration of a program
of collaborative research conducted within the Virus Cancer Program on viruses
as etiologic agents of cancer in man and animals and on the control of tumor
viruses and/or their induced diseases.

The Breast Cancer Virus Studies Section manages contracts conducting research
on viruses as a cause of mammary carcinoma in animals and the elucidation of
their role in breast cancer in humans with emphasis on the study of virus-
like activity demonstrable in human case materials and on the reproduction,
characterization, composition and cellular transformations associated with
viruses known or suspected to cause mammary gland carcinomas. The Clinical
Studies Section manages contracts conducting research (a) to provide evidence
for viral associations with neoplasia in human cohorts, (b) to investigate
host factors in humans and animals which may modify or otherwise influence
susceptibility to infection or the development of neoplasia following
infection, (c) to develop methods which may be applicable in prognosis or
diagnosis of malignancies, and (d) to investigate methods which may be

effective for the control of infection or development of neoplasia in animals
and humans. The DNA Virus Studies Section manages contracts conducting
research on viruses with a DNA core which are known or suspected to be

involved in the induction of malignant transformation of animal and human
cells and supports studies on (a) elucidation of the role of viruses of this

category in the induction of neoplastic diseases, (b) their characterization
and biological activity, (c) intracellular relationships established with
cellular components, (d) virus genome expression and intracellular control,
(e) mechanisms of reproduction and induction of neoplasia, and (f) inhibition
of replication and cell transformation. The RNA Virus Studies Section
manages contracts conducting research on viruses with a ribonucleic acid
core which are known or suspected to induce malignant transformation of
animal and human cells with primary emphasis upon agents which exhibit
characteristics of viruses known to induce leukemia, lymphoma, sarcoma and
related diseases in laboratory animals, and supports studies in (a) the
detection in case material of activities or components- characteristic of
viruses of this nature, (b) virus isolation and characterization, (c) virus
replicative process, (d) intracellular relationship between virion and cell-
ular components, (e) virus genome expression and intracellular control, (f)

mechanisms of virus-induced cell transformation to malignancy, and (g) inhi-
bition of replication and cell transformation. The Office of the Chief
coordinates the research activities within the collaborative research area
with respect to the objectives of the Virus Cancer Program. The Chief directs
the activities within the Sections with the assistance of the Associate Chief
and reports to the Associate Director for the Viral Oncology Program.
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The program of research on viral relationships to mammary gland carcinogenesis
was coordinated with the activities of the Breast Cancer Task Force. Emphas^^
was placed upon the further characterization of two viruses, the mouse mammal^
tumor virus (MMTV) and the Mason-Pfizer monkey virus (MPMV). These viruses
are unrelated to each other, but both have components which appear to be

present in fractions separated from human mammary carcinomas. It is important
to determine the nature of this relationship.

Although nucleotide sequence analysis of the RNA of mammary tumor viruses ^
isolated from different strains of mice appear to be similar, these agents W
are distinguished from one another by their biological properties and by

immunological criteria. Experimentation requiring large quantities of MMTV
had been limited by the difficulties inherent in recovery from mouse milk as

sole source. This virus has now been propagated successfully and harvested
in quantity from long-term cultures of BALB/cf C3H mouse mammary tumors with
little contamination by type C virus. The virus was shown to infect and

replicate in cultured mink lung cells and cat kidney cells. No difference
was detected between the RNA of MMTV grown in mink cells from that of virus
recovered from the milk of RIII strain mice. These advances permit more
intensive molecular biological studies on mammary gland carcinogenesis than
had been possible previously.

The major polypeptides of MMTV and monospecific antisera to each were pro-
duced. These include polypeptides of 14, 28 and 30 thousand molecular weight
and the 52,000 molecular weight glycoprotein, gp52. A particulate fraction
of 50,000 molecular weight isolated from human milk and another from certain
breast cancers were reported to share antigenic determinants with the gp52 ^
of MMTV. Free gp52 was detected in the circulating blood of the tumor- ^
bearing mouse in concentrations that provide a measure of tumor load. In

the strains used for this study, each gram of tumor led to the production
of 500 ng of gp52 per ml of mouse plasma. The blood levels of gp52 dropped
dramatically within 8 days after the tumor was surgically removed. The
subsequent assays for the antigen predicted relapse in the animals with
complete accuracy. This model for cancer diagnosis and prognosis holds
promise for human application.

MPMV, originally recovered from a mammary gland tumor in a rhesus monkey,
contains a polypeptide pattern distinctly different from MMTV and Rauscher
murine leukemia virus. Early studies on human breast cancer tissue using
nucleic acid hybridization techniques had detected sequences demonstrating
homology to sequences in MPMV RNA. An antigen which reacts with specific
antisera to the p27 polypeptide component of MPMV now has been reported to

be present in some human malignant breast carcinomas.

f
Only one long-term, clearly-certified, human mammary carcinoma cell line,
the MCF-7 line, has been established. These cells have maintained the char-
acteristics of differentiated mammary epithelium and produce small quantities'
of virus-like particles, designated 734 B, during early cell passages in vitro .

Investigators at the Michigan Cancer Foundation, where the line was initiated,
have been unable to stabilize long-term production of the particles. Seven
polypeptide components of the particles have been identified. Marginal
production severely limits intensive study of 734 B.

C
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The Epstein-Barr virus (EBV) has been firmly established as a cause of infec-

tious mononucleosis. Studies at the Center for Disease Control confirmed

that this disease is associated with a 3-fold increase in risk of development
of Hodgkin's lymphoma. EBV infection is highly correlated with Burkitt's

lymphoma in African children. A prospective study of this disease, initiated

in the West Nile region of Africa, is still under way. Serum specimens

obtained from 8 children up to 17 months prior to onset of lymphoma were all

positive for antibody to virus capsid antigens, indicating that this disease

does not develop on the heels of primary infection. Other factors have an

important role in inducing the disease process, as suggested by the occurrence
of lymphoma in immigrants of various ages into regions where its incidence is

high. Holoendemic malaria has been suggested as a factor. However, Burkitt's

lymphoma in Arab children has been reported from Israel, where malaria is

absent. The close relationship between EBV infection and lymphomas of the

Burkitt type was not found in tumors of this type in the United States. In

fact, lymphoma cells from an American case, seropositive for EBV antigens

and recovered in culture after growth in nude mice, did not carry the EBV

genome and were susceptible to infection by the virus. On the other hand,

one strain of EBV has repeatedly induced lymphomas in marmosets, and different

EBV isolates readily transform human cord blood lymphocytes. If EBV is a

cause of Burkitt's lymphoma in Africans, one must assume that a similar

disease occurring in other geographic regions is induced by other factors.

The presence of EBV in the malignant epithelial component of nasopharyngeal

carcinomas (NPC) has been confirmed in biopsies from patients in all geographic
areas. This neoplasm occurs in high incidence in Chinese individuals, and

genetic markers for susceptibility were sought. In Singapore, investigators
identified a genetic disequilibrium between A2 and Singapore 2 antigens in

lymphocytes from NPC patients and family members, indicating that specific
genetic linkage is a factor in susceptibility.

In cells, the replicative cycle of EBV is under the influence of multiple
cellular regulatory mechanisms. Cell fusion techniques, producing hybrids
between different cells, are being applied to study mechanisms of cellular
restriction of virus gene expression. Although most of the intracellular
viral DNA exists in an episomal, circular form, there is evidence that some

viral DNA is integrated into host cell DNA. The HR-1 line of cloned Burkitt's
tumor cells has long been used for production of EBV in quantity. In contrast
to other EBV strains which transform human lymphocytes in culture, the EBV

from HR-1 cells is not transforming; infection by HR-1 virus results in cell

death. When NPC tissue specimens from patients in different geopraphic
regions were examined with HR-1 EBV DNA as probe, from 10 to 40 percent of
the sequences represented in the probe were not detected in the tumor cells,
suggesting that the episomal EBV DNA in the NPC cells was defective or con-
tained heterologous sequences not recognized by the probe.

The EB virus-induced nuclear antigen (EBNA) is a marker for the presence of
EBV genetic information in cells. EBNA has been shown to be a non-histone
chromatin protein and is not simply adsorbed to chromatin during manipulation.
It is present in the soluble complement-fixing antigen extracted from infected
cells. The synthesis of virus-induced cell membrane antigen is an early
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function of the virus genome, preceding viral DNA synthesis and the

appearance of "early" antigens (EA). EA may contain 5 different polypeptides,

some of which are glycoproteins.

The specificity of EBV for B-lymphocytes raised questions regarding the

mechanism whereby the virus genome is introduced into the epithelial cells

of NPC. Evidence has been reported for the presence of virus receptors on

the surfaces of NPC cells and for the induction of the latent virus genome

in epithelial cells from such tumors.

An association between infection by the genital, type 2 strain of herpes

simplex virus (HSV-2) and squamous cell carcinoma of the human uterine cervix

has been determined by seroepidemiological studies on cases and matched

controls. Two approaches were taken to more firmly establish the correlation

between the virus and the tumor, nucleic acid hybridization using viral DNA

as probe and immune responses in patients against selected, refined viral

protein components. An early product of HSV-2 infection, the "AG-4" capsid

protein, was isolated at Johns Hopkins University. Antigenically, the AG-4

component appears to be virus type-specific, and the presence of antibody

reacting with this protein correlated well with the presence of cervical

squamous cell carcinoma in patients. Investigators at Baylor College of

Medicine identified 2 polypeptides, vpl23 and vpl54, in HSV-2 infected cells

against which sera from cervical cancer patients exhibited preferential

reactivity. Investigations along these lines have some promise for immuno-

diagnostic potential, prognosis and determination of risk.

Probes for HSV-2 DNA consistently failed to detect viral nucleotide sequences

in cervical carcinoma tissue. Since the sensitivity of the procedures applied

may have been insufficient to detect small transforming fragments of viral

DNA, these negative data do not eliminate this virus from consideration as an

oncogenic agent. Rodent cells, transformed following their infection by

irradiated virus which no longer has cytolytic properties, have been observed

to lose portions of viral DNA during continued passage in vitro . A similar

phenomenon may occur in the cervical cancer cells.

A quantitative measure of the transforming effectiveness of different isolates

of HSV-2 was developed. Differences observed in the transforming capability

of different virus isolates supports a definite role of this virus in the

transformation process. The activation of type-C RNA leukemia viruses

endogenous in rodent cells has been observed following infection by non-lytic

HVV-2 preparations. The role of both viruses in the fibroblastic transforma-

tion remains unresolved, and is further complicated by the recognition of

murine sarcoma virus genetic information as an integral part of rodent host

cell DNA. In an attempt to ascertain whether HSV-2 has oncogenic activity

upon repeated infection of breeding primates, cebus monkeys were so treated.

Persisting cytological changes ranging from mild atypia to marked dysplasia

have been observed in 16 of 223 females but not in 80 controls.

Since adenoviruses transform hamster cells, highly sensitive probes for the

transforming genes of adenovirus 12 were used to search for complimentary
sequences in human lung and gastrointestinal cancers. Such sequences were

not detected. Thus, it is highly unlikely that this virus has a role in the
^

etiology of these neoplasms.
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The detection of papovaviruses in human tissues raises a question regarding
their relationship to human neoplasia. These agents were shown to transform
hamster cells, and are being fully characterized.

RNA viruses morphologically similar to type C murine leukemia viruses now
have been isolated from a number of non-human primates of different species.
Budding virions were observed in placental tissues from humans as well as

from baboons and rhesus monkeys. The baboon virus was isolated by infection
of cultured cells of other animal species. To date, the isolation of virus
from human placental tissues by similar techniques has not been successful.
During the year, twonew type C viruses were isolated at the University of
California gibbon colony at Davis, one from a normal animal and one from a

gibbon with a spontaneous granulocytic leukemia. Twenty percent of the
animals in this colony gave evidence of type C virus infection. The
availability of these primate viruses permits preparation of nucleic acid
and specific serological probes to obtain evidence for related virological
information in human cancer tissues.

Long-term cultures, originated from mesenchymal and epithelial human tumors
were examined for the presence of type C virus genetic information at
Columbia University. In all, 76 cell lines were treated by BUDR, arginine
starvation, and fusion with NC-37 and A204 cells. Simultaneous detection
tests were performed on sediments from centrifugates of culture fluids.
Positive controls were inserted by deliberate contamination with virus. No

evidence of expression of RNA virus was found.

Examination of viruses produced in cultures initiated at Litton-Bionetics
laboratories from cells obtained from a human myeloid leukemia case showed
their similarity to the simian sarcoma virus isolated from a woolly monkey
sarcoma and the M-7 isolate of baboon endogenous virus. Studies performed
on fresh, uncultured cells from this patient disclosed the presence of viral
components related to the M-7 endogenous baboon virus and reaffirmed the
presence of simian sarcoma virus-like components.

The major proteins of type C virions possess virus type, group and inter-
species antigenic determinants. The type-specific determinant is the major
component of the pl2 viral polypeptide, and can be used to distinguish between
closely-related oncornaviruses. The interspecies determinants are the basis
for serological cross-reactivity between viruses and are of obvious value
in probing for related antigens in human tumor cells. Highly specific anti-
sera to identify individual viral proteins are important for the study of the
products of virus gene expression in relation to cellular transformation and
to cellular restriction of virus gene function. Investigators at Columbia
University introduced protease inhibitors into a modified procedure for radio-
immunoassay to test for the presence of proteins related to the p30 and gp45
components of simian sarcoma virus in malignant cells and body fluids of
patients with various forms of leukemia with emphasis on acute myelogenous
leukemia. Results were uniformly negative under conditions to avoid false
positive reactivity.
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The virus glycoprotein, gp71, is found on the surfaces of infected cells.

This glycoprotein elicits several populations of neutralizing antibodies, so

virus neutralization can proceed by reactivity against type, group and inter-

species determinants represented on this polypeptide. Active immunization
of mice with gp71 provided a degree of protection against neoplasia following
virus challenge, but its effectiveness varied among the mouse strains tested.
Protective immunization across species may be ascribed to the interspecies
determinants carried by the protein.

The protein products of type C virus expression may provoke autoimmune
disease. Antibody complexes with such antigens were demonstrated in glomerular
nephritis in N2B mice. Roughly half of the lupus erythematosus patients
examined at the Albert Einstein College of Medicine showed positive serolog-
ical reactivity with the interspecies determinants on the p30 polypeptide
purified from Rauscher murine leukemia virus. Tests with human sera from
cancer patients performed in other laboratories did not demonstrate reactivity
with similar antigen. At Duke University, antisera prepared against the gp71
glycoprotein of the Friend murine leukemia virus were found to react specifi-
cally with human chronic granulocytic leukemia cells, providing a means to

facilitate the diagnosis, prognosis and modality of treatment.

A system was developed which could be used as a preliminary screen to

substantially reduce the time required to evaluate chemical compounds for
carcinogenic properties. Cultures of Fischer rat embryo cells infected with
a type C RNA leukemia virus were found to be sensitive to morphological
transformation by chemical carcinogens. In double-blind studies performed
at Microbiological Associates, Inc., carcinogenic compounds were separated
from non-carcinogenic analogs with more than 90 percent effectiveness.

The 60-70S RNA of both avian and mammalian type C viruses was shown to consist
of two identical subunits. Therefore, genetic recombination by RNA tumor
viruses occurs by crossing-overor break-and-join mechanisms rather than by

reassortment of dissimilar subunits.

The preparation of viral DNA fragments by specific cleavage with different
restriction and endonucleases has made possible the determination of trans-
forming sequences. The transforming genes of the A, B, and C groups of
oncogenic adenoviruses differ completely from one another. Rat cells
transformed by adenovirus 2 yielded two discrete species of mRNA, 22S and 14S,

detected by hybridization with transforming fragments of virus DNA. Study
of these mRNAs indicated that cytoplasmic processing may be essential in

translation of transforming mRNA species. A set of nucleotide sequences
was identified in the Rous sarcoma virus genome which apparently codes for
cell transformation by this virus. Similar observations have been made for
mammalian sarcoma viruses.

New techniques were developed to synthesize DNA transcripts of the entire
RNA virus genome. The syntheses can be carried out under conditions where
complete, intact copies constitute essentially the sole component of the
product. These cDNA transcripts make excellent probes and also make possible
the sequencing of the corresponding RNAs by the new DNA sequencing procedures
recently developed and the mapping of specific cistrons using fragments |

produced by restriction enzymes.
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The mechanisms for genetically-controlled cellular restriction of murine
leukemia virus reproduction have been probed. The growth of N-tropic viruses
is restricted in strains of mice permissive for B-tropic viruses. The
latter viruses are restricted in mice permissive for N-tropic viruses.
Preliminary evidence suggests that the virus genome becomes integrated into
the DNA of the restricting cell but is not expressed in the form of a viral
product. A molecular entity has been detected in restricting cells which
inhibits the replication of the virus. Its characterization may yield in-

sight into the cellular control mechanisms involved. Studies on FV-2
gene-mediated resistance to leukemia in mice suggest that the primary effect
is on the hemopoietic environment rather than directly on the target cell
for transformation. The influence of the H2 locus on leukemogenesis appears
to be associated with a restriction of virus production by cells which thereby
escape the host immune response directed against the viral antigens. In

chickens, single dominant genes were shown to control the spontaneous
release of RAV-0. Genetic crosses showed these genes to be situated at
different chromosomal loci. Studies with avian sarcoma virus mutants defec-
tive for transformation suggest that only a single cistron of virus genetic
information may be involved in the induction of cell transformation.
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b. SUMMARY REPORT ^
(1) BREAST CANCER VIRUS STUDIES SECTION

July 1, 1975 through June 30, 1976

The principal aim of the Breast Cancer Virus Studies Section is to under- gm
stand the fundamental biology of mammary tumor pathogenesis and to determine ^
whether a viral agent is etiologically involved in human breast malignancies.

The approach has been to try to identify a putative human breast cancer
virus as well as the genetic hormonal, immunological and environmental

factors that govern its expression. This information will be useful in the

development of improved diagnosis, treatment and possible prevention and

control of breast cancer in humans. Contract research projects administered

by this section include studies in four major areas of investigation:

(1) the genetic transmission and control of mammary tumor-related viruses in

animals; (2) the characterization, purification, and production of viral

proteins and related specific reagents; (3) the establishment and character-

ization of malignant and non-malignant human breast cell lines; and

(4) the determination of the relationship of viruses to human breast neo-

plasia.

Two viruses have been studied to determine the nature of their relationship

to particulates, enzyme activity, and antigens associated with breast cancer

in humans. Indirect evidence continues to accumulate that there are A
entities in human milk and tumors that are structurally, immunologically ^
and genetically similar to mouse manmary tumor virus (MMTV). This virus

was demonstrated to be the causative agent for mammary carcinoma in mice

more than 40 years ago. Recently, the New York Medical College reported

that tissues from certain breast cancer patients contain proteins having

physiochemical similarities to the glycoprotein, gp52, of MMTV. These

same breast cancer patients display a reactivity to MMTV antigens in the

leukocyte migration inhibition assay which seems to have good clinical and

prognostic value. Investigators at the University of Texas presented data

indicating that the immunological reactivity in the sera of breast tumor

patients can only be absorbed out with purified preparations of MMTV.

Evidence that MMTV-related RNA has been found in tumors from malignant

lesions of breast patients was reported by investigators at the Institute

for Medical Research. In addition, they have isolated a component from the

particulate fraction of human milk which has a molecular weight of 50,000

(as determined by SDS--PAGE analysis) and shows cross reactivity with

purified MMTV gp52. If a relationship between MMTV and the putative human

breast cancer agent exists, it is important in the next year to verify these ^
observations and to examine the nature of the reactions involved. ^
The Mason-Pfizer monkey virus (MPMV), originally isolated from a spontaneous

mammary adenocarcinoma of a rhesus monkey, was suspected as possibly having

a role in human breast tumorigenesis when early hybridization studies

demonstrated that complementary DNA from MPMV-RNA hybridized to RNA from

a number of malignant breast tumors. This year, Pfizer, Inc., Meloy ^
Laboratories, Inc., and the Mason Research Institute have extended this ^
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observation and have reported that an antigen related to the major structural
protein (p27) of MPMV has been found in some human malignant breast tissues
but not in normal or tumor tissues of non-breast origin.

Because of their probable causal relationship to human neoplasia, both MMTV
and MPMV have been the target of intensive research under 17 projects
within the Breast Cancer Virus Studies Section. These viruses are being
studied in their natural host as a model for human breast cancer investigation,
for elucidation of etiology and for possible control of the human neoplasm.

In studies conducted at Meloy Laboratories during the past year, it became
apparent that more than one variant of mouse mammary tumor virus existed
in different strains of mice. The viruses seemed to differ in host range,

pathology of induced tumors, virulence, antigenicity and mode of trans-
mission. When a technique for culturing cells from primary manmary tumors
was developed, comparative studies of MMTVs from various mouse strains
were initiated. The preliminary results have shown that although RIII, C3H

and GR mice contain biologically distinguishable MMTV variants, the nucleic
acid sequences from MMTV from the three strains of mice appear to be

identical. Other studies showed differences in the nucleic acid sequences
of MMTVs derived from C3H and C3Hf mice. Further studies to compare the

relatedness of these viruses to other MMTVs are in progress.

In efforts designed to examine the regulation of specific gene expression
in mouse mammary tumors, investigators at Baylor College of Medicine have
been studying mechanisms by which chromatin macromolecules regulate RNA

transcription. They found that RNA can be transcribed in vitro using

native and reconstituted chromatins as a template. These in vitro

transcripts are being analyzed by tritium-labeled, complementary DNA for
specific gene sequences to MMTV and casein. At the University of California,
San Francisco, glucocorticoids were used to stimulate MMTV transcription.

Increased accumulation of viral RNA was detected after exposure to the

hormone, but no changes in synthesis of cellular proteins were seen. The

Netherlands Cancer Institute group demonstrated by backcrosses that 60%
of the progeny from BALB/c x BALB/c x CSHf were positive by radioimmunoassay
for MMTV antigens in their milks. Results from several other mouse strain
crosses indicated a linkage relationship between the gene for CSHf-MMTV and

the albino locus on the first linkage group. Further studies concerning
host susceptibility and the capacity for internal control of oncogenic
virus expression and infection are being investigated.

Highly specific immunologic reagents are valuable tools for assessing
relationships between the virus and its host. Last year several contractors
concentrated their efforts on the isolation and purification of specific

mouse mammary tumor virus polypeptides and antisera. At the University of
California at Davis, the initial characterization of MMTV core structures
revealed that p30, p28 and pl4 were the major polypeptides. Monospecific
antisera against the viral proteins were prepared. Investigators at the

Institute for Medical Research group isolated and characterized four
polypeptides from MMTV, from RIII strain mouse milk, and reported that the

surface of MMTV from mouse milk differed in structure and polypeptide
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composition from that of virus produced in cell cultures. In another

program, the Radiobiological Institute developed a highly specific anti-gp52

reagent.

At Meloy Laboratories detailed characterizations of the proteins and

glycoproteins of Mason Pfizer Monkey Virus (MPKV) are underway. Preliminary

results confirmed that the major viral polypeptide exhibited a molecular
weight of 27,000 (p27). In addition to the p27 protein, five other major
proteins were discerned: plO, pl2, pl4, gp20 and gp68. The polypeptide

pattern observed for MPMV was distinctly different from that observed for
MMTV and Rauscher leukemia virus (RLV).

Several laboratories are trying to characterize the immune response of mice
to their spontaneous or induced mammary tumors by a variety of in vitro

techniques. At the University of Miami, two parameters of cell-mediated
immunity, the blastogenic transformation and leukocyte migration inhibition

assays, were used to assess the effect of MMTV on the antigenic expression

of mammary tumor cells. The presence of virus in the tumor cell was found

to enhance the immunological activity of the host. Investigations at the

University of Texas identified at least two different types of serum
antibody responses of mice bearing tumors to antigens of MMTV-producing
tumor cells.

The efficacy of a MMTV glycoprotein vaccine in mice was studied at Tel-Aviv

University and the Radiobiological Institute. At the Radiobiological

Institute, GR, DBA and C57 BL mice were injected intraperitoneally with

viral gp52. A significant delay was observed in tumor growth. Different

immunization protocols with varied protein doses and adjuvants will be

tested to determine whether tumor prophylaxis can be achieved.

At the Mason Research Institute, oncogenicity studies with MPMV in the

natural rhesus monkey host revealed that the monkeys inoculated with MPMV

as neonates were almost uniformly antigenemic 2 to 5 years after inoculations.

In contrast, all uninoculated control animals were negative. These findings

present favorable evidence for MPMV infectivity in monkeys and that further
studies on MPMV pathogenicity and oncogenicity must be pursued.

Analysis of large scale production of MMTV was conducted by Cardiff and

Moore. The group at the University of California, Davis, successfully
propagated and harvested large quantities of MMTV from long-term dome-

forming cultures of BALB/cfC3H mammary tumors. They concluded that virus

production was dome-dependent but that high dome density did not ensure

high MMTV yield. Mouse mammary tumor virus was shown to infect and

replicate in mink lung cell cultures and cat kidney cells. In the absence

of glucocorticoid and dexamethasone, MMTV-RNA synthesis in feline cells was

low but relatively high in mink cells. After dexamethasone treatment,

virus production was enhanced in the feline cells and only marginally
increased in the mink cells. Thermal denaturation experiments did not

detect any difference between MMTV RNA synthesized in mink cells and the

viral RNA synthesized in RIII mouse lactating mammary glands.
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Considerable attention has been focused on primary cell cultures of human
mammary epithelial cells. At the University of California, Berkeley, one
short-term culture was originated from a carcinosarcoma of the breast
and is currently being characterized in depth. Attempts to passage primary
cultures of normal cells continue.

The only long-term human breast cancer cell line was developed at the Michigan
Cancer Foundation. This line, designated MCF-7, continues to maintain
characteristics of differentiated mammary epithelium, including estradiol
and progesterone receptors and capacity to synthesize a-lactalbumin. Since
MCF-7 produced a "virus-like" agent, called 734B, much work has been centered
on verifying the human origin of this particle. Current studies have focused
on determining the nature and regulation of the particle and ways to enhance
its production. Recent polypeptide analysis of purified 734B preparations
have identified seven viri on-associated proteins (gp46, gp36, p27, p26, pi 8,
pl5 and plO-12), a polypeptide composition that is similar to MPMV grown
in human cells. However, no detectable immunological cross-reactivities
were found between 734B and MPMV.
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BREAST CANCER VIRUS STUDIES SECTION

Dr. Clarice Gaylord, Acting Head

BAYLOR COLLEGE OF MEDICINE (N01-CP4-3385 )

Title : Regulation of Gene Expression in Mouse Mammary Cancer

Contractor's Project Director : Dr. Susan H. Socher

Project Officer (NCI ) : Dr. Wade Parks

Objectives : To examine the regulation of gene expression in mouse mammary
tissue and characterize the chromatin from normal mammary tissue of virgin,
mid-pregnant and lactating mice, pre-neoplastic alveolar nodules and mammary
tumors in high and low MMTV-expressing mice. To study the mechanisms of

modulation of DNA to RNA transcription in mammary cells using RNA transcribed
in vitro from casein mRNA (as a model system) and viral sequences as probes.

Major Findings : Purification of mouse casein mRNA has been accomplished by a

combination of precise sizing techniques coupled with affinity chromatography.
A partially purified 15S casein mRNA fraction was obtained from lactating cell

RNA. The 15S casein mRNA, which has a molecular weight of 4.2 x 10^, will be

purified further and used to generate a specific hybridization probe.
Isolation of a second 12S casein mRNA with a molecular weight of 3.1 x 10'

has also been completed. Using AMV RNA-directed DNA polymerase a ^H-cDNA

was synthesized in response to the addition of purified 15S rat casein mRNA.

Using this probe, it was found that the 15S casein mRNA is coded for by 1 to

2 gene copies. This hybridization probe is of sufficient purity to detect
casein mRNA sequences in RNA preparations transcribed jjn vitro from chromatin
templates. A similar methodology will be employed with the 12S and 15S mouse
casein mRNA.

A cell-free system for chromatin transcription has been developed and charac-

terized to optimize conditions for the synthesis of RNA transcripts to be

used in hybridization analyses. Specific attention has been directed to

reducing ribonuclease activity. RNA transcription in vitro was characterized

on the basis of the number of initiation sites for RNA polymerase and the

size and base composition of the RNA produced. Using improved conditions for

chromatin transcription, significant differences were observed during mammary
gland development in the species of RNA made as determined by the nearest
neighbor analysis.

Analysis of factors regulating chromatin transcription of specific viral

sequences and milk protein sequences in mammary tumors have begun.

Significance to Biomedical Research and the Program of the Institute :

Considerable evidence suggests that the control of the inherited mouse mammary
tumor virus genome occurs at the level of DNA to RNA transcription. Studies
designed to facilitate an understanding of the regulation of this control will
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lead to an increased understanding of the effects of hormones in differ-
entiation and on the regulation of viral and non-viral genes involved in

carcinogenesis.

Proposed Course : Specific emphasis will be placed on the mechanisms by which
chromatin-associated macromolecules, particularly non-histone chromosomal
proteins, modulate RNA synthesis, specifically the transcription of casein
messenger RNA and MMTV gene sequences.

Date Contract Initiated : June 26, 1974

Current Annual Level : $133,000

CALIFORNIA, UNIVERSITY OF, BERKELEY (N01-CP5-3502 )

Title : Human Mammary Tumor Biology: Development of Epithelial Cell Lines

Contractor's Project Director : Dr. Adeline J. Hackett

Project Officer (NCI ): Dr. Robert Bassin

Objectives : To develop mammary epithelial cell lines derived from both
normal and malignant human breast tissues and to use these substrates to
study the etiology and control of human mammary cancer.

Major Findings: This project utilizes the exfoliated cells in fluids
collected from lactating and non-lactating breasts to obtain information on

the biology of mammary epithelial cells. The relationship between cell type
and morphology to the genesis and early development of breast cancer is being
evaluated. A total of 936 volunteer donors were examined, 20% of which
yielded fluid containing epithelial cells. Four donors with abnormal cells
continue to be followed. Excised tissues from 98 cases have been put into
culture and utilized in short-term studies.

Attempts to grow normal mammary epithelial cells in long-term culture have
failed; however, short term cultures have been used to study the biology of
these cells, including nutritional conditions for optimal growth. Short term
cultures derived from both normal epithelium and primary breast carcinomas
have been used to compare growth rates. Normal cell doubling time has been
found to be significantly shorter than that of malignant cells.

An established cell line, Hs578T, derived from a carcinosarcoma, is in final
stages of characterization.

Studies continue with epithelial cells from baboon breast fluids.

Significance to Biomedical Research and the Program of the Institute : The
establishment of human breast cell lines will provide materials which will
be applied to expanding investigations on virus relationships to the etiology
of human breast cancer.
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Proposed Course : Continue to develop and characterize primary and short-term «^
mammary cell cultures and to develop long-term permanent cultures which will ^^
have potential for experimental manipulation.

Date Contract Initiated : September 1, 1974

Current Annual Level : $65,258

CALIFORNIA. UNIVERSITY OF. DAVIS (N01-CP3-3253 )

Title : In Vitro Cultivation of Human and Mouse Mammary Tumor Virus

Contractor's Project Director : Dr. Robert D. Cardiff

Project Officer (NC I): Dr. Robert Bassin

Objectives : To apply to the human breast tumor culture system the various
experimental conditions developed in the mouse mammary tumor model. These
efforts are directed towards the possible isolation and identification of a

human mammary tumor virus.

Major Findings : Three classes of reactions, characterized by competitive
inhibition, have been recognized in sera which bind to mouse mammary tumor
virus (MMTV). Class (1) radioimmune precipitation (RIP) reactions inhibited
only by the addition of MMTV; Class (2) RIP reactions inhibited by mouse m
lactating mammary gland (LM6) and MMTV but not by dog milk; and Class (3) RIP ^
reactions inhibited by dog milk as well as MMTV and LMG. Class (1) reactions
were found only in animals immunized with MMTV virions or polypeptides and
are considered MMTV-specific. Class (2) reactions were found in animals
inmunized with mouse LMG from virus-free strains and are probably against
host cell determinants. The Class (3) reaction was inhibited by dog milk as

well as MMTV and LMG and was found in all of the human sera tested.

The discovery of biologically distinguishable strains of MMTV led to attempts
to immunologically characterize the strains. MMTV-S (MTV) and MMTV-L (NIV)

were studied using RIP inhibition. Using an antiserum against BALB/c NIV

(nodule-inducing virus) it was found that MMTV-L could inhibit RIP of both

MMTV-L and MMTV-S. MMTV-S, however, could not completely inhibit RIP of
MMTV-L but created a plateau effect at terminal dilutions. A second antiserum
provided the reciprocal example.

Initial studies of MMTV indicated that the glycoproteins were on the surface
envelope. These studies could not, however, distinguish spike versus other m
envelope proteins. The spike unit may represent the major envelope protein
and/or play an important role in MMTV maturation and/or infection. Envelope
composition was studied using: (1) Triton X-lOO disruption followed by rate
zonal centrifugation; (2) destabilization of viral membrane with chaotropic
salts; and (3) dimethyl suberimidate (DMS) cross-linking of surface proteins.
Slab gel electrophoresis and isoelectric focusing were developed to assist
in characterization of these components. ^
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Disruption of MMTV virions with Sterox-SL, Triton X-100 and benzethonium

chloride allowed for the release of virus core particles which could be

isolated by isopycnic banding. The core particles had a buoyant density of
1.24-1.26 g/cc, were morphologically similar to the internal structures of

MMTV virions and were approximately 60-80 nm in diameter. The isolated cores

contained 60-70 S RNA and the RNA-dependent DNA polymerase (RDDP) activity.

The major polypeptides in the cores were p30, p28 and pl4. Smaller amounts

of several higher molecular weight polypeptides were also detected. The

major envelope glycoproteins, gp52 and gp36, were greatly reduced in the

cores. Immunological analysis demonstrated the presence of p28 antigen in

the cores, and the lack of envelope antigenicity. In addition, the cores

were shown to be free of detectable amounts of type C virus group-specific
antigen.

MMTV was preincubated at different temperatures in the absence of detergent

or reducing agent. Assays of exogenous RDDP activity at 20-minute intervals

demonstrated a progressive loss of activity at 37° and little reduction at
30''. The intact virus remained stable at 4°. The inactivation, therefore,

was probably due to a direct temperature effect on the enzyme molecule.

A partial correlation was found between the formation of cellular domes by

mouse mammary tumor grown in vitro and MMTV production. Maximum virus yield

in cultures occurred in the presence of high dome density but high dome

density did not necessarily ensure high MMTV yield. The production of both

domes and virus was Cortisol dependent but not coordinate.

Significance to Biomedical Research and the Program of the Institute : The

acquisition of knowledge and technology on the in vitro cultivation of

mammary gland tissue and the production and structure of MMTV is essential to

an intensive program of investigation on viral ly induced breast cancer in

experimental systems and for application to virological studies on human

breast cancer.

Proposed Course : The activities described will be continued at the current
contract level

.

Date Contract Initiated : February 1, 1972

Current Annual Level : $172,778

CALIFORNIA, UNIVERSITY OF, SAN FRANCISCO (N01-CP3-3332 )

Title : Hormonal Control of Gene Expression in Tumor Viruses

Contractor's Project Director : Dr. William Rutter

Project Officer (NCI ): Dr. Edward Scolnick
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Objectives : To determine the mechanisms by which hormones control the

expression of murine mammary tumor virus and to establish a transcription

system utilizing purified provirus DNA.

Major Findings : A line of mouse mammary carcinoma cells has been investigated

in which glucocorticoids stimulate the accumulation of mouse mammary tumor

virus (MMTV) RNA by 10-20-fold. Glucocorticoid-specific receptor molecules

are present in these cells and have been shown to be indistinguishable from

other mouse glucocorticoid receptors with respect to sedimentation, activation

and DNA binding properties. Since the hormone concentration required for

half-maximal receptor binding and for the increase in viral RNA concentration
were identical, and since MMTV RNA accumulation was blocked by compounds

which inhibit receptor binding, it was concluded that the response is a

receptor-mediated process.

The increased accumulation of viral transcripts (measured by hybridization

to MMTV cDNA) appeared to be a primary effect of hormone action. Increased

levels of viral RNA were detected with virtually no lag after hormone

addition, and no changes in the synthesis of cellular proteins were seen.

In addition, inhibitor studies indicated that accumulation of viral RNA

requires RNA, but not protein or DNA, synthesis. At least part of the hormone

effect was due to increased rates of specific RNA synthesis, since pulse

labeling experiments showed a rapid 3-4 fold stimulation. However, there

were also some indications from inhibitor and de-induction studies that

decreased rates of RNA degradation were also involved in the net stimulation

at steady state.

A cell-free transcription system is being developed utilizing both nuclei

and chromatin, with the long-term goal of reconstructing the hormone response

in vitro . Preliminary attempts suggest that transcription of chromatin
from homone-treated cells, using endogenous RNA polymerase, yields more MMTV

RNA than that from untreated cultures.

Significance to Biomedical Research and the Program of the Institute : There

is considerable evidence that the entire genome of both DNA and RNA oncogenic

viruses may be integrated into the chromosomes of host cells, whether or not

such cells show evidence of their presence. A major aim of viral oncology

is to understand the biological factors which regulate virus gene expression.

Hormones are tissue-specific effectors which selectively control gene

expression in a variety of cell types. Understanding hormonal regulation of

viral gene expression may ultimately aid in understanding human cancer

etiology and control.

Proposed Course : This contract will be terminated on April 25, 1976-

Date Contract Initiated : April 25, 1972

Current Annual Level: $67,315
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HOWARD UNIVERSITY (N01-CP4-3287 )

Title : Correlation of Molecular Virology Studies to Diagnosis of Breast
Cancer

Contractor's Project Director : Dr. William Funderburk

Project Officer (NCI ): Dr. Ernest J. Plata

Objectives : To determine whether there is a correlation between the presence
of viral markers in spontaneous human nipple discharges, breast duct fluids,
or cyst fluids and clinical stage of breast disease. Evaluation is made by
comparison of virological and immunological results with palpation, xerography,
pap smears of breast fluids by conventional and millipore techniques, and
contrast mammography on the fluid donors.

Major Findings : This is a collaborative project between the contractor's
staff and investigators at NCI. During the past year, one hundred sixty-nine
(169) patients were entered into the study for correlation of molecular
virological observations on fluid specimens with clinical diagnosis of breast
disease. Three hundred forty- three (343) different clinical procedures were
done by the contractor prior to biochemical analysis of specimens at NCI
laboratories. In the preliminary screening of approximately 50 breast fluid
pools, either cyst fluid or spontaneous breast duct secretions, several bio-
chemical methods were used to examine each sample. To detect reverse trans-
criptase activity, the synthetic template dG:rC was used as well as an
endogenous reaction with centrifugal ly banded material from the "viral" or
"core" regions of the density gradients. When sufficient quantities of
material were present, endogenous reaction products were analyzed on CsS04
gradients.

Out of an initial screening of 10 pools of cyst fluids, six were found to be
positive by either a dG:rC or an endogenous reaction (20,000 CPM of ^H-TTP
incorporated after 60 minutes at 37°) . The reaction product of one pool
positive for both reactions was analyzed on a CsSOi* gradient. Before heat
treatment, 88% of the CPM was found in the RNA region of the gradient. After
the ^H-DNA was kept at 68° for 10 minutes, 89% of the activity was found in
the DNA region of the gradient.

Out of six breast duct secretion pools examined, two were positive for the
endogenous reaction and two positive for both dG:rC and the endogenous reactions.
A CsSOit gradient analysis of ^H-DNA synthesized in a reaction positive by both
criteria showed a 60% conversion of ^H-TTP activity from the RNA region to the
DNA region of the gradient after heat treatment.

Significance to Biomedical Research and the Program of the Institute : These
studies may yield fundamental information that will contribute directly to
the NCI objectives of better diagnostic methodology for breast cancer. Further,
these breast fluids may serve in the search for an etiologic agent of human
breast cancer. They could be the most likely source of a possible human breast
cancer virus.
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Proposed Course : To continue to collect non-lactating breast fluids for m
examination of possible virus markers (reverse transcriptase and/or viral ^
antibody activity) and determine if there is a correlation of these activities
with results of clinical tests and diagnosis by the techniques of cytology,
contrast mammography and xerography.

Date Contract Initiated : March 1, 1974

Current Annual Level : $34,578
"

INSTITUTE FOR MEDICAL RESEARCH (NOl-CP-5-3561 )

Title : Studies of Human Milk and Mammary Tumors

Contractor's Project Director : Dr. Dan H. Moore

Project Officer (NCI ): Dr. Ernest J. Plata

Objectives : (1) To characterize the mammary tumor system of mice as a model
for human breast cancer. (2) To resolve whether there is any relationship
between murine mammary tumor virus (MuMTV) and human cancer. (3) To
determine the significance of virus-like particles resembling oncogenic RNA
viruses present in some human milks and breast tumors.

Major Findings : There is evidence that materials similar to MuMTV antigens d
and nucleic acids may be found in human milk and tumors. There is also some ^
indication that the presence of MuMTV-related RNA may be correlated with
human breast cancer of a particular cell type. Yet, neither the origin nor
the significance of the finding of MuMTV-related RNA in human breast tumors
has been successfully elucidated. Antigen detected in human milk appears to

be crossreactive with MuMTV glycoprotein gp52-55. Individual human milks
will be tested further by a radioimmunoassay (RIA) procedure based on this
gp52-55.

An apparent relationship between a certain type of human breast tumor and the
detection in it of MuMTV-related RNA was observed. Only 1 of 34 human breast
cancer tissues, histologically graded as having poorly differentiated cells
(nuclear grade I and II), was found to contain MuMTV-related RNA by molecular
hybridization. However, 5 out of 10 tumors with differentiated cells
(nuclear grade III) contained RNA related to MuMTV. No human tumor has yet
been found to contain MuMTV-related DNA.

Four polypeptides (gp68, gp52-55, p28 and pl2) of RIII strain mouse milk- m
derived MuMTV virions have been isolated and characterized; gp68, gp52-55,

~

and p28 have distinctive antigenic properties.

A single component RIA has been developed using iodinated purified gp55.
This assay has a 50% end point of 6.75 ng of virus and a sensitivity of 1 ng.
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A single dose of formalin-inactivated RI 1 1 strain mouse milk-derived MuMTV

given intramuscularly with adjuvant protected mice against MuMTV infection

and mammary tumorigenesis, depending on the class of mice used: (a) those

that do not normally express virus (C57BL strain mice) were protected com-

pletely against future challenge; (b) those that carry only endogenous

virus (Rlllf and Af strain mice) had a reduced tumor incidence and a delay

in the time of tumor onset; (c) those that receive virus in their mother's

milk at birth were not protected.

MuMTV has now been shown to infect and replicate in mink lung cell cultures

as well as in cultured cat kidney cells. MuMTV proviral DNA can be detected

in the feline kidney cells within 8 hours after virus inoculation. The

production of 5.5 x 10^ virions/ml culture fluid was obtained in 48 hours in

mink cells.

Mouse strains carry different mammary tumor viruses whose biological nature

can be distinguished by their infectivity in various mouse strains. The

high-mammary-tumor mouse strains such as strains A and RIII carry 2 viruses;

one can be eliminated by foster-nursing, and the other cannot. Infectivity

of virus derived from high parity fostered mice (strains Af and Rlllf)

differed from virus derived from low parity, non-fostered mice (strains A

and RIII). Viruses from strains C3H and C3Hf were equally infective.

The surface of MuMTV particles from mouse milk differs in structure and in

polypeptide composition from that of virus produced by cells in vitro ,

although both are infective. Treatment of MuMTV with trypsin causes nicks

in virion surface polypeptide chains. The nicked molecules do not interfere

with the biologic or antigenic activity of the virus.

Significance to Biomedical Research and the Program of the Institute : The

demonstrations of infectivity of MuMTV in vitro and productive infection of

cells of an animal species different from the species of virus origin are

of utmost importance to the Virus Cancer Program. The resolution of the

question whether a relationship exists between human breast cancer and a

viral agent sharing genetic and antigenic information with MuMTV is of the

highest priority. The immune protection study is consistent with the

objectives of the program of the NCI, especially concerning developments in

improved diagnosis, treatment, and possible prevention of human cancer.

Proposed Course : (1) The contractor will expand efforts to determine the

significance of the crossreactivity between MuMTV and antigens in specimens

from breast cancer patients; (2) extend the immune protection studies as

possible models for human studies; and (3) continue studies on the biology

of mammary tumor induction.

Date Contract Initiated : June 28, 1968

Current Annual Level

:

$450,000
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MASON RESEARCH INSTITUTE (N01-CP3-3358 ) A
Title : Study of Primate and other Mammary Tumor Viruses

Contractor's Project Director : Dr. Arthur E. Bogden

Project Officer (NCI ): Dr. Jeffrey Schlom

Objectives : To determine whether the Mason-Pfizer Mammary Virus (MPMV) is ^
oncogenic in monkeys. The contractor maintains and clinically monitors
approximately 100 monkeys inoculated with MPMV to detect: (a) development of
tumors; (b) development of immunity to MPMV; and (c) appearance of MPMV
antigens and nucleic acids in tissues of normal and inoculated monkeys.

Major Findings : The demonstration of active infection was made by the

detection of circulating viral antigens in monkeys inoculated at birth with
MPMV. A sensitive radioimmunoassay (RIA) for MPMV gs-1 antigen, RNA-DNA
hybridization tests, KC plaque assay and gel immunodiffusion tests have been

developed. Nine MPMV-inoculated rhesus monkeys, representative of the

various experimental groups, were sacrificed for blood and tissues and their
tissues and milk samples were examined for MPMV DNA by RNA-DNA hybridization.
Positive reactions were observed in the spleens of 5 monkeys, in the breast
tissue of 3, the ovary of 1, and milk from 3 others. High titers of infec-
tious MPMV were detected by the KC plaque assay in the original MPMV prepara-
tions which were used to inoculate these monkeys. This indicates that the

storage conditions adequately preserved the original infectivity of the virus^

The RIA for MPMV gs-1 antigen has a useable range of 10-1,000 ng/ml . Plasma
samples of 0.5 ml from 6 unexposed control monkeys were MPMV-negative while
plasma samples from 5 of the 9 sacrificed inoculated monkeys were found to

be positive and virus was detected in their spleens by RNA-DNA hybridization.
The RIA was not affected by the presence of high concentrations of ovalbumin
or bovine albumin, but non-specific crossreactions occurred with high concen-
trations of bovine serum globulin. For this reason only ovalbumin is used

in the buffers, and since the RIA will be used to detect MPMV gs-1 antigen in

monkey sera or monkey tissue extracts, no undesirable crossreactions should
be anticipated.

In studies on the induction of MPMV infection in pregnant and postpartum
monkeys, 3 monkeys received MPMV during late gestation and 1 monkey postpartum.
There was no febrile reaction following inoculation. However, protracted
lymphadenopathy occurred in the 3 monkeys that received the virus prepartum.
Lymphocyte transformation tests revealed that the cell mediated immunity in

these animals had been depressed following the virus inoculation. The period^
of immunosuppression seemed to correspond with that of lymphadenopathy. %.

During this contract period, disrupted MPMV antigens and antiserum to these
antigens were prepared and characterized by gel diffusion analysis. This
antiserum will be utilized to continue the survey of the monkey populations
for viral related antigens or antibodies by RIA.
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Significance to Biomedical Research and the Program of the Institute : This

project is important because MPMV was recovered from a primate mammary cancer,

it possesses characteristics common to known oncogenic viruses, and cross-

reactions have been observed between the viral antigens and antigens present

in human breast cancer specimens. Investigation for possible oncogenic

properties in a primate host is essential.

Proposed Course : Continuation of the studies described and collection of data

necessary for decisions concerning continued long-term holding and observation

of these animals.

Date Contract Initiated : June 9, 1970

Current Annual Level : $89,984

MELOY LABORATORIES, INC. (N01-CP4-3223 )

Title : Molecular Studies of Human and Animal Cancer with Emphasis on

Breast Carcinoma

Contractor's Project Director : Dr. John Verna

Project Officer (NCI ): Dr. Jeffrey Schlom

Objectives : To apply molecular biological techniques to investigate viral

relationships to animal and human mammary carcinoma. The project has three

divisions: (a) molecular biological studies of the mouse mammary tumor

viruses (MMTV); (b) molecular biological studies of Mason-Pfizer Monkey

Virus (MPMV) and related virus isolates; and (c) acquisition of biochemical

evidence for the presence of oncornavirus in human milk and human breast

tumors

.

Major Findings : Primary cell cultures of mammary tumors from various strains

of mice (RIII, BALB/cfC3H, GR) were developed and used as a source of radio-

actively labeled 60-70S RNA of MMTV from these mouse strains. The MMTVs were

shown to be free from contaminating murine leukemia viruses as shown by a

variety of techniques. Nucleic acid hybridization experiments utilizing

these RNAs are being performed to determine: (1) the degree of nucleic acid

sequence homology between the different MMTVs; (2) the copy number of pro-

viral DNA in the various organs of mice; (3) the pattern of viral transmission

of different MMTVs. The proteins of MMTV from the various mouse strains are

also being studied.

The polypeptide composition of MPMV is being studied. To determine which

proteins are virus-specific, MPMV was grown in several different cell lines

and the proteins of purified virus were analyzed by SDS-polyacryl amide gel

electrophoresis. The glycoproteins of MPMV, grown in different cell lines,

were also analyzed by labeling cultures with radioactive glucosamine and

comparing them to those of MMTV and MuLV. Progress is being made in purifying

the major protein of MPMV for use in a radioimmunoassay to search for MPMV-
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related protein in normal and neoplastic tissues. The major glycoprotein as
well as other MPMV proteins are also being purified for similar immunological
assays.

Radioactive DNA complementary to the RNAs of MPMV and MTV are being used in
molecular hybridization experiments to determine if a nucleotide sequence
homology exists between the viral RNAs and the RNA of human malignant breast
tumors. Hybridization of radioactively-labeled MMTV and MPMV 60-70S RNA
to the DNA of human normal and malignant tissues is also in progress. The
DNA polymerases from human malignant breast tumors and human breast fluids
are now being purified and will be characterized.

A minor area of investigation involves the biochemical characterization of
the type B BUdR-induced guinea pig virus and its possible relatedness to
MMTV (the prototype B particle) and to MPMV.

Significance to Biomedical Research and the Program of the Institute : These
studies bring sensitive molecular biological technology to bear upon the
problem of human breast cancer to determine whether virological factors may
be involved as a cause.

Proposed Course : The activities described will be continued.

Date Contract Initiated : July 20, 1973

Current Annual Level : $721,731

MIAMI. UNIVERSITY OF (N01-CP5-3532 )

Title : Immunologic Studies on Animal Breast Carcinoma

Contractor's Project Director : Dr. Michael M. Sigel

Project Officers (NCI ): Dr. Meera Paranjpe
Dr. Ernest J. Plata

Objectives : (1) To determine, define and integrate the relevant factors in

host defense against mammary tumors; (2) to analyze cellular immunity in

relation to clinical state; and (3) to compare lymphocyte responses to
mammary tumor virus (MTV)-associated, MTV-induced and non-MTV tumor-specific
antigens in mice with breast cancer.

Major Findings : The response of lymphocytes from MTV-negative BALB/cCrgl mice
to MTV, measured by increased uptake of thymidine, was assessed for specificity
by means of antisera to MTV and Rauscher leukemia virus (RLV). Only the anti-
MTV serum inhibited the reaction, indicating that the response may be due to
an MTV-related antigen.

Cell-mediated cytotoxicity tests were performed to measure immunologic
competence of the two lines of mice without tumors and with corresponding
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tumors. The tumors were the MTV-negative D1-DMBA-3 transplanted in BALB/cCrgl
and in BALB/cfC3H mice. Although phytohemagglutinin (PHA) induced cytotox-
icity in the splenocytes of all mice, enhancement of this activity was brought
about by two conditions: presence of small tumors or the presence of MTV in

the animals, i.e., higher cytotoxicity was exerted by BALB/cfC3H splenocytes
than BALB/cCrgl . This potentiating effect of MTV was even more notable in

the antibody-dependent cytotoxicity tests. A new procedure for measuring
specific induction and non-specific effector function was developed. Cells
activated by tumor antigen and their cytotoxicity were measured against
chicken RBC. Tumor antigen activated only lymphocytes of tumor-bearing mice
and not those of normal mice.

Significance to Biomedical Research and the Program of the Institute : The
murine mammary tumor viruses (MTV) have been shown to be etiologically
related to breast cancer in mice and there is some evidence that similar
viruses may be present in humans. Because of the laboratory and clinical
similarities between breast cancer in mice and in women, the present work is

designed to obtain a clearer understanding of the immunological reactivity
of the host to an array of MTV and tumor- related antigens. The approach
is to identify various antigens and immunologic as well as non-immunologic
factors governing the relationship and interactions of host, virus and tumor.
This project will provide information relevant to both etiology and control
of breast cancer in humans.

Proposed Course : This study will continue to assess the immunologic status
and response in mice with different virological and immunological backgrounds
and to correlate these responses to various clinical stages of neoplasia.

Date Contract Initiated : March 15, 1974

Current Annual Level : $115,014

MICHIGAN CANCER FOUNDATION (N01-CP3-3347 )

Title : Studies on Milk in High Risk Breast Cancer Families

Contractor's Project Director : Dr. Marvin Rich

Project Officer (NCI ): Dr. Ernest J. Plata

Objectives : (1) To characterize the 734B particle synthesized by the human
breast tumor cell line MCF-7; (2) to identify and characterize populations
at high risk for breast cancer, seeking to provide early detection and
control of breast cancer; and (3) to study model systems to elucidate the
role of viruses in the carcinogenesis of human breast cancer.

Major Findings : During this period the polypeptides of 734B particles, using
SDS polyacryl amide gel electrophoresis, were separated. Nine major polypep-
tides were resolved in gradient-purified preparations of 734B particles,
labeled with radioactive iodine, and analyzed in 10% acrylamide-SDS gels.
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These were proteins of 100,000, 80,000, 60,000, 46,000, 29,000, 18,000,
15,000 and 10-12,000 daltons molecular weight. The plO-12 has not been
resolved into component polypeptides in polyacryl amide gels, but plO and pl2
have been resolved by chromatography in Sepharose 6B columns equilibrated
with 6 M guanidine HCl . A polypeptide of 30,000 daltons may be resolvable
from p46.

The polypeptides of 734B are remarkably similar in molecular weight dis-
tribution to those of the Mason-Pfizer monkey virus (MPMV) grown in human
cells. To determine whether any or all of the 734B polypeptides were
identical in molecular weight to either MPMV or murine mammary tumor virus
(MuMTV) polypeptides, solubilized 7348 polypeptides were "coelectrophoresed"
with MPMV and MuMTV proteins in 10% SDS gels. The four major glycoproteins
found in 7348 preparations, including gp46, were mobilized with the corre-
sponding MPMV polypeptides. Despite the similarities in molecular weights
of several MPMV, MuMTV and 7348 polypeptides, differences exist in the
primary structure of non-glycosylated polypeptides especially the major non-
glycosylated polypeptides of MuMTV (p28), MPMV (p26) and 7348 (p29), which
makes identity between the three viruses unlikely.

Crossreactivities of 734B and MPMV have been examined. An antiserum prepared
against the purified major protein of MPMV (p27) did not react with MCF-7
cells at two twofold dilutions less than the terminal reactive dilution for
NC37 cells infected with MPMV. Furthermore, extracts of MCF-7 cells have not
been active in competitive radioimmunoassays for MPMV p27. These data
suggest that 7348 is immunologically distinct from MPMV.

On the basis of annealing characteristics under stringent hybridization and
assay conditions with MCF+ RNA, MCF" RNA, human liver RNA and human breast
RNA, two classes of 7348 cDNA's have been identified: Class 1 cDNA's anneal
to high levels with normal liver RNA as well as MCF+ RNA. These cDNA's also
anneal to high levels with MCF- RNA and a breast tumor RNA. Class 2 cDNA's
anneal with MCF+ RNA but not to liver RNA. Hybridization with MCF" RNA has
not exceeded 8% for Class 2 cDNA's while significant hybridization was
observed with RNA from a human breast tumor. Since insufficient amounts of
Class 2 DNA have been available to date to determine the melting temperature
for these hybrids, annealing under the stringent conditions of these experi-
ments suggests a high degree of bona fide base pairing in the hybrids.
These Class 2 DNAs are currently in use to assess the distribution and
significance of 7348 information in human breast cancers.

The biological properties of 7348 and the characteristics of MCF-7 cells
are under intensive investigation. Tests have begun for the expression
of characteristics of malignancy in MCF-7 cells and the methods for assessing
this expression. These properties are being compared with those of normal
human mammary epithelial cells and ultimately will be used in testing the
infectivity of 7348.

Significance to Biomedical Research and the Program of the Institute : These
studies concern the isolation and characterization of a possible human breast
cancer virus.
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)
Proposed Course: The activities described will be continued at the current
level.

Date Contract Initiated : June 20, 1971

Current Annual Level : $530,000

']

NETHERLANDS CANCER INSTITUTE (N01-CP3-3368 )

Title : Immunogenetic Studies on Breast Cancer and Leukemia

Contractor's Project Directors : Dr. L.M. Boot
Dr. J. Hilgers

Project Officer (NCI ): Dr. Ernest J. Plata

Objectives : To study the immunogenetics of mammary tumors and mammary
tumor virus (MTV) transmission, as well as that of leukemia and murine
leukemia virus (MuLV); to determine the presence and function of specific
genes for transmission, MTV replication, histocompatibility, and immune
response.

Major Findings : Genetic transmission of C3Hf-MTV (NIV or MTV-L) was studied
in crosses between C3Hf and BALB/c mouse strains by radioimmunoassay (RIA)

J
tests for MTV antigens in the milk. Approximately 60% of the BC-1 animals

J of the BALB/c x (BALB/c x C3Hf) backcross were positive by RIA. The presence
of antigens strongly correlated with the occurrence of mammary tumors in
breeding females of this cross at about one year or later. Forty-eight
percent of the second backcross (BC-2) offspring of RIA-positive BC-1
animals were again positive indicating that one gene controls C3Hf-MTV
expression. Results from several crosses indicate a linkage relationship
between the gene for C3H-MTV and the albino locus on the first linkage group
(±30% recombinants).

Mammary tumor incidence in the C57BL mouse strain was compared to the tumor
incidence in the BIMA strain under the same hormonal conditions. The BIMA
strain differs from the C57BL strain by the larger size of the mammary
glands, which was introduced on the C57BL background by backcrossing
(C57BL X C3H)F-| females with C57BL males. The mammary tumor incidence is
significantly higher in the BIMA strain than in the C57BL strain after
forced breeding and with C3H-MTV present. With a hypophyseal isograft and
with C3H-MTV present, mammary tumors appear at an earlier average age in the

I

BIMA strain than in the C57BL strain. As the H-2 complex is the same in the
C57BL strain and the BIMA strain, the results point to other genetically
determined factors which influence the mammary tumor development and which
are possibly related to the size of the mammary gland.

Extensive serological, biochemical and physical characterizations of the cell
surface antigens specific for MTV were undertaken in GR ascites leukemia

IpN cells, which exhibit at least two crossreactive antigens with mammary tumor
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cells (MLr and Thy 1). A fraction of proteins purified on anti-MTV
sepharose 4B immunoabsorbent contained 3 components as revealed by SDS-PAGE.
The main component has a molecular weight of 52,000 daltons. Two other
components, which are present in lower quantities, had molecular weights of
60,000 and 23,000. In immunodiffusion (ID) tests, these purified proteins
give at least 2 lines of identity with ether-treated type B virus particles.
Proteolysis of intact GRSL cells (which contain extremely low amounts of
budding or extracellular B particles) and also simple washing with physio-
logical buffers revealed that the 3 components could be solubilized from the
cell surface of these cells. With cytotoxic absorption tests it could be
demonstrated that after such treatments of the cells they did contain
significantly less MLr antigen. SDS-PAGE performed on the trypsinate of the
cells revealed a simple protein pattern with the three components mentioned
above as the major representatives. The purified MLr antigen reacts in the
ID test with ConA but not with WGA.

Leukemia incidence in Fi hybrids between AKR mice and a large variety of low
leukemia strains (as a function of the Fv-1 and H-2 genotype in the presence
of the dominant Akv genes) is under investigation. The Fv-1 type of the
strains has been determined by an in vivo assay (repression of gs antigen in

spleens of hybrids as compared to AKR) and an in vitro assay [%IFC for
N(Gross) and B(RadLV) viruses on secondary embryo cultures]. Correlation of
data obtained by both techniques is now underway.

Thirty-two human milk samples from the Isle of Wight were centrifuged on
sucrose gradients, and the regions corresponding with the density of MTV
particles were tested by radioimmunoassay for crossreacting antigens with
the mouse mammary tumor virus. Seven samples treated this way inhibited
the binding of labeled mouse MTV by rabbit antibodies. The relevance of
these reactions will be tested.

Significance to Biomedical Research and the Program of the Institute : This
type of genetic study concerning the host's susceptibility and capacity
for internal control of oncogenic virus expression and infectivity is of
crucial importance to the program of this Institute. The results obtained
thus far begin to delineate a variety of factors. in addition to the presence
of an oncogenic virus, which contribute to or modify the pathogenesis of
mammary cancer or leukemia. The findings described contribute to the
investigations of possible etiological agents of human cancer as well as to
greater understanding of the fundamental biology of cancer.

Proposed Course : The contractor proposes to continue his studies concerning
the genetics of MTV and MuLV expression, transmittability, susceptibility and
their relationship to histocompatibility and immune response.

Date Contract Initiated : June 28, 1972

Current Annual Level

:

$80,016
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NEW YORK MEDICAL COLLEGE (N01-CP-3-3398 )

Title : Immunologic Measurements as a Guide to the Behavior and Viral

Etiology of Breast Cancer

Contractor's Project Director : Dr. Maurice M. Black

Project Officers (NCI ): Dr. Robert Callahan
Dr. Ernest J. Plata

Objectives : (1) To identify tumor- and virus-specific antigens in human
breast cancer tissues; (2) to correlate measurements of patient immunologic
reactivity with clinicopathologic characteristics of the tumor tissue and
the host; (3) to search for evidence of the role of a mammary tumor virus

in human mammary carcinogenesis by immunologic and molecular hybridization
procedures using mouse mammary tumor virus (MMTV) as a probe (in collaboration
with Dr. Dan Moore); (4) to determine immunological responses of women to

MMTV and immunogenic breast cancer tissue according to "risk" factors, viz.,

parity, exogenous estrogens, and family history of breast cancer.

Major Findings : Information concerning an MMTV-like immunogen from certain
types of breast cancer has been obtained and related to prognostically
significant features of individual patients, Polyacryl amide gel electro-
phoresis (PAGE) has been utilized to characterize the protein components of

benign and malignant breast tumor tissues and to compare such components with
MMTV proteins. These studies disclose that the majority of certain types of
breast cancer tissues contain proteins having physicochemical similarities
to MMTV proteins. Of particular interest were breast cancer proteins
resembling gp52 of MMTV. The immunogenic properties of breast cancer tissues
and the clinical behavior appear to be related in large measure to the

protein patterns of breast cancer tissue.

In an attempt to characterize the immunogens of breast cancer tissues,
eluates (PBS) of cryostat cut sections of benign and malignant breast lesions
were studied by means of PAGE with and without pretreatment with sodium
dodecyl sulfate (SDS). These studies demonstrate that the majority of breast
cancer tissues contains protein components which are undetectable, under
similar conditions, in control tissues from cancerous and noncancerous breast
specimens. Such differences were demonstrable both in SDS-PAGE and in 8.5%
PAGE preparations.

Significance to Biomedical Research and the Program of the Institute : Since
the findings of this effort strongly suggest that the in vivo and in vitro
cellular hypersensitivity responses of breast cancer patients provide bio-
logically significant indices of maximal tumor-host interactions in the
initial stages of disease, the techniques used by the contractor may be

useful tools in the possible early detection, diagnosis and effective
treatment of breast cancer in women.

Proposed Course : During the next year the contract plans: (1) To improve
and expand technical procedures and expertise gained in prior studies with
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particular reference to correlations between clinicopathologic, Immunologic
"

and biochemical measurements; (2) to characterize and evaluate cellular
components of the in vitro hypersensitivity response in an effort to define
optimal conditions for sensitivity and reproducibility; and (3) to study
the correlations between protein characteristics of individual breast cancer
tissues, immunogenic characteristics and MMTV proteins.

Date Contract Initiated : June 26, 1972 \

Current Annual Level : $170,090

PFIZER. INC. (NO! CP3-3239 )

Title : Viral Studies of Animal and Human Breast Cancer

Contractor's Project Director : Dr. Sami A. Mayyasi

Project Officer (NCI ): Dr. Robert Bassin

Objectives : To study the role, if any, of MPMV as a tumori genie virus and
its relationship to simian and human breast cancer.

Major Findings : An antigen related to the major structural 27,000 dalton
core protein (p27) of Mason-Pfizer virus (MPMV) was found in 8 of 18 a

malignant human breast tumors by radioimmunoassays (RIA). The range of '

1251 release was from 27%-78%. Based on RIA curves, the amount of p27-like
protein detected in 8 tumors ranged from 0.3-5.7 ng/mg tissue extract. None
of the 18 breast tumors demonstrated competition against simian sarcoma
virus (SSV) core p30 protein. Extracts of 12 human tumors of non-breast
origin and two normal human placentas were used as controls in the competition
RIAs. None of these tissues were found to contain detectable levels of anti-
gen related to MPMV p27 or SSV p30 proteins.

In another series of experiments, immunoelectron microscopy and radioimmuno-
assays failed to detect MPMV related antibodies in 10 different human sera
obtained from patients with breast cancer.

Dexamethasone (DXM) alone (10 pg/ml ) was found to stimulate the synthesis
and release of MPMV in the CMMT cell line. Electron microscopic examination
of treated cultures demonstrated, in addition to MPMV, type C viral buds.
However, no extracellular type C particles were seen in the intercellular
spaces. Supernatants of DXM-treated culture gave significantly higher yields t

of reverse transcriptase (Mg++ dependent) than the untreated cultures. The '

infectious nature of the virus released from DXM-treated cultures is
currently being analyzed.

Wild type MPMV and one of the clones, N-5C (free of simian type C virus),
were shown to transform monkey foreskin (FS2) cells. Most of the transformed
sublines continue to produce infectious virus. A transformed subline, 925^5,^
was further cloned in soft agar. One of the clones, 925c5cl7, is releasing M

1632



minimal infectious MPMV in the culture supernatant. Negative stain electron
microscopy showed that most virus particles released from this cell clone

had defective morphology (no tails, black heads) and could easily be differ-

entiated from infectious MPMV (straight tails with little or no pleomorphism)

.

Inoculation of virus-producing, transformed cells into nude mice resulted in

the formation of tumors at the site of inoculation. Upon culturing, these

tumors yielded two types of cells: (1) MPMV-producing cells that were karyo-

typed as of monkey origin, and (2) mouse cells that were apparently not

infected with MPMV. Attempts to infect nude mouse kidney cultures with

infectious preparations of MPMV were not successful.

Significance to Biomedical Research and the Program of the Institute : MPMV

was isolated from breast cancer in monkey. It possesses characteristics

exhibited by known tumor-producing viruses. It is important to determine

its relationship, if any, to the etiology of breast cancer.

Proposed Course : This contract terminated on September 30, 1975.

Current Annual Level : $150,000

RADIOBIOLOGICAL INSTITUTE (N01-CP4-3328 )

Title : The Study of the Release of RNA Tumor Viruses and Its Genetic Control

Contractor's Project Director : Dr. Peter Bentvelzen

Project Officer (NCI ): Dr. Jeffrey Schlom

Objectives : To carry out studies in vivo and in vitro to elucidate the role

of hereditary factors in the expression of genetically transmitted mammary

tumor viruses (MuMTV) of mice. The importance of such genes in spontaneous

mammary carcinogenesis will be evaluated in relationship to environmental

agents such as chemical carcinogens and ionizing radiation. Some studies

will also include the role of hormones in the control of these endogenous

viruses.

Major Findings : The Sepharose bead immunofluorescence assay has been

perfected to the point that the smallest amount of viral antigen detectable

is 0.3 ng per sample. The method is now in routine use. With this technique

it has been found that kidneys and epididymis of mice, even from low-cancer

strains, contain MTV antigens. This explains why kidney cultures from low-

cancer strain mice can produce virus after treatment with dexamethasone.

Spleens of high-cancer strain mice are weakly positive for MTV antigen, while

brain and testes are negative. In young BALB/c and C57BL mice, the spleen is

negative, but it produces MTV antigens upon aging. C57BL females do not

produce MTV in the milk at the first lactation, but the milk becomes weakly
positive at subsequent lactations.

Supernatants of kidney or mammary tumor cultures from C3Hf mice treated with

dexamethasone induced a high incidence of mammary tumors in BALB/c mice. The

1633



experiment has been repeated under such conditions that contamination can
be absolutely excluded.

The isolation procedure for MTV from tumors has been perfected. An anti-
serum to glycoprotein gp52 has been obtained by immunization of goats
with antigens forming single immunoprecipitation lines. Immunization of
mice with a viral protein fraction enriched in gp52 produced good humoral
and cellular reactivity to MTV. Immunized GR mice became seriously ill.

Investigations are being made to determine whether this was accidental or
due to induced autoimmunity. Infected mice showed no cellular reactivity
to MTV in the leukocyte adherence and leukocyte blastogenesis assays until

tumors appeared. When tumors reached a medium size, no response was found
in these tests, but reactivity reappeared when tumors became larger than
3 grams.

Some further evidence has been obtained that radiation and/or treatment
with urethane activates a moderately virulent MTV in C57BL mice. Possible
recombination between the mutated regular gene of C3Hf mice and the germinal
provirus of MTV-0 in BALB/c mice has been observed in a backcross. This
gives rise to spontaneous release and male transmission of a virulent virus.

Significance to Biomedical Research and the Program of the Institute : The
expression of MuMTV in non-mammary gland tissue and the effect of co-
carcinogens on the expression of MuMTV is extremely important if we are to

understand the pathogenesis of a putative human breast cancer virus.
Furthermore, the determination of the presence or absence of a provirus for
breast cancer is important to our understanding of the methodology projected
for the prevention or control of this disease.

Proposed Course : To continue the activities described.

Date Contract Initiated : April 26, 1974

Current Annual Level : $162,500

TEL AVIV UNIVERSITY (N01-CP2-3237 )

TITLE : Isolation, Purification and Propagation of Type B Particles From
Human Milk in Israel

Contractor's Project Director : Dr. lafa Keydar

Project Officer (NCI ): Dr. Wade Parks

Objectives : To attempt to isolate and grow type B virions from the milk of
breast cancer patients or from human adenocarcinomas using human embryonic
tissue culture cells as substrates; to develop methods for the assay and
enhancement of production of these "biochemical viruses"; and to continue
characterization studies of the biochemical virions produced in human cell
cultures and their relationship to mitochondria.
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Major Findings : Two cell lines originated from pleural effusions from breast
cancer patients (T47-D and T47-R) and one cell strain (T-54) were studied
intensively. The 47-D cell line exhibits the morphology of a differentiated,
epithelial-like cell culture containing cytoplasmic junctions and receptors
for 17g-estradiol . The second cell line, derived from the same patient,
grows in suspension in clumps.

Based on biochemical, biophysical and microscopic criteria, both cell lines
produced virus-like particles. No sequence homology or antigenic cross-
reactivity of these viruses with known animal oncornaviruses was found. On
the other hand, the T-54 cell strain produces particles which are related to
MPMV. This was demonstrated by a reverse transcriptase inhibition test.

Cell lines derived from different animal sources (e.g. human, dog, bat, mink
or rabbit) were exposed to infection by pleural effusion fluids or co-
cultivated with pleural effusion cells in an effort to find one capable of
supporting human oncornavirus-like replication. Since initiation of this
study, one of the cell lines (NC-37 cocultivated with T-54 cells) showed the
presence of small amounts of reverse transcriptase in the culture medium.
Characterization of this enzyme is underway.

Significance to Biomedical Research and the Program of the Institute : The
evidence of virus-like materials in human milk obtained from breast cancer
patients is of obvious significance. However, the findings have not been
developed or confirmed in this or other laboratories in the past 18 months
in spite of demonstrated ability to work with the murine type B viruses and
improved methodology for the identification and measurement of all RNA-
containing reverse transcriptase positive viruses.

Proposed Course : This contract expired on March 22, 1976.

Date Contract Initiated : March 23, 1972

Current Annual Level : $88,100

TEL AVIV UNIVERSITY (N01-CP5-3517 )

Title : Vaccination of Mice with Cell -Free Antigens Derived from MMTV and A

Particles

Contractor's Project Director : Dr. Asher Frensdorff

Project Officer (NCI) : Dr. Jeffrey Schlom

Objectives : To test whether it is possible to immunize mice against mouse

mammary tumor virus (MMTV) without exposing them, in the process, to

structurally intact virus. To investigate whether immunization of mice with

individual, purified structural proteins from MMTV can decrease or abolish

their susceptibility to spontaneous as well as virus-induced mammary tumors.

To isolate and purify the structural proteins under the mildest possible

1635 ,



conditions to ensure conservation of the native conformation of the proteins.

To immunize in such a way as to: (a) increase as much as possible the

iminunogenicity of the proteins of which only very small closes are to be

infected; and (b) stimulate a cell mediated, rather than humoral, immune

response.

Major Findings : Initially the effort was diverted to activities related to

the production and purification of MTV in tissue culture from primary and

secondary tumor explants. Antisera were prepared in goats and rabbits to

RIII strain mouse milk virus and to tissue culture-grown strain C3H mouse

virus (both intact and disrupted), and to isolated virus glycoprotein gp52
or to gp52-anti-gp52 immune complexes. The specificity of these antisera

has been characterized by double diffusion, at antibody excess, against a

wide variety of antigens and more recently also by radioimmunoprecipitation
(RIP) followed by PAGE-SDS electrophoresis. Where necessary, antibodies

directed against non-viral components were carefully absorbed out; the Ig

fraction of appropriate antisera was then covalently coupled to sepharose and

the beads were reacted with detergent disrupted MTV. Extensive binding of

labeled viral components always occurred. However, under none of the

conditions employed in attempts to dissociate the antigen-antibody complexes

(e.g., acid buffers, acid, alkali, 6 M guanidine HCl ) have significant amounts

of labeled antigen been recovered. The effect of modifying the conditions at

which antibody is coupled to sepharose on the dissoci ability of the antigen

is being investigated.

An alternative approach to the isolation of surface glycoproteins from dis-

rupted MTV (sepharose coupled lens culinaris hemagglutinin) is being used.

Glycoproteins recovered from the lectin by displacement with methyl -D-

mannoside seem to be relatively enriched for high molecular weight glyco-

protein but still contain appreciable recoveries of gp52.

Studies presently in progress deal with the MmSmt cells, their tumorigenicity

in different substrains of C3H mice, as well as their susceptibility to the

cytotoxic effects (complement dependent and independent) of antibody against

MTV.

Significance to Biomedical Research and the Program of the Institute : The

demonstration of immune protection with purified viral proteins is an

important goal of the NCI program in tumor immunology. These studies will

identify those virus fractions which have protective capacities and the

methodology developed with this oncogenic virus will likely pave the way to

similar work with a possible human cancer virus. Work with this virus is

especially important since it provides a model system for solid tumor immunity

which may be somewhat different from the existing leukemia models. Because

of the demonstration of infectivity by viral nucleic acids, an immunizing

fraction free of nucleic acid appears to be greatly desirable.

Proposed Course : The contractor hopes to demonstrate that a vaccination
procedure that uses purified viral antigens and thus no structurally intact

virion can protect MTV- free mice. Moreover, the contractor hopes to show

that even neonatal ly MTV infected mice can be protected by immunization with

antigens derived from a virus cross reacting with their own virus.
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Date Contract Initiated : October 24, 1974

Current Annual Level : $59,952

TEXAS, UNIVERSITY OF (N01-CP4-3370 )

Title : Immunological Studies on Animal and Human Breast Cancer

Contractor's Project Director : Dr. James M. Bowen

Project Officer (NCI ): Dr. Meera Paranjpe

Objectives : (1) To apply a variety of immunological methods for detection

and characterization of virus and tumor associated antigens and their anti-

bodies in mice with mammary cancer; (2) to apply similar methods to a study

of antigens in cells derived from human breast cancer patients; and (3) to

determine by these methods whether viruses similar or related to mouse

mammary tumor virus may be associated with the human neoplasm.

Major Findings : Identification of at least two (and possibly three)

categories of humoral immune response were found in mice with regard to

antigens of MMTV-producing mouse mammary tumor cells. Sera of the first

category gave strong cytoplasmic and cell membrane reactions by immuno-

fluorescence, specifically labeled MMTV particles by immunoelectronmicroscopy,

and specifically precipitated radiolabeled whole MMTV virions. These sera

gave variable C -dependent serum cytotoxicity (C'-SC) reactions. Sera of the

second category gave strong cytoplasmic immunofluorescence which was MMTV-

specific, but did not label MMTV particles, gave negative or weak membrane

reactions, did not precipitate ll25-labeled-MMTV virions. These sera also

reacted variably with C'-SC. Some sera (Category Three) appeared to react

only with intracytoplasmic type A particles. Many mouse sera of all three

categories also contained antibodies to heterophile antigens. Many sera of

breast cancer patients had antibodies to homologous breast tumor cell antigens

as well as to MMTV-producing mouse mammary tumor cells. With human sera,

there was some correlation between positive reactions with MMTV antigens and

with MCF-7 cells, suggesting common antigens in the two cell types. Anti-

bodies in the human sera could only be removed by MMTV-containing preparations,

suggesting the presence of MMTV-specific antibodies. Of 85 specimens of serum

from 26 breast cancer patients tested, none labeled MMTV by immunoelectron-
microscopy. The majority of human sera positive for MMTV-producing mouse
tumor cells were in Category Two, while a smaller number were in Category
Three. The data indicated the presence of common antigens in mouse and human

breast cancer cells and point to the importance of identifying specific MMTV

antigens and their antibodies both in mice and in human-mouse crossreactions.

Significance to Biomedical Research and the Program of the Institute :

Mammary tumor viruses have been shown to be etiologically related to breast
cancer in mice, and there is some evidence for similar viruses being present
in humans. Because of the laboratory and clinical similarities between
brea,tSjt cancer in mice and humans, the present work is geared toward obtaining
a cTea^r understanding of the immunological reactivity to virus and tumor-
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associated antigens, to identify viral-related antigens in breast tumors, and

to relate these immune responses with the stage of disease. This approach is

of direct significance to human breast cancer, since it involves an assess-

ment of immunological parameters with the clinical course and with therapeutic

interventions.

Proposed Course : This contract will be terminated on September 30, 1976.

Date Contract Initiated : June 28, 1974

Current Annual Level: $141,260
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b. SUMMARY REPORT

(2) CLINICAL STUDIES SECTION

July 1, 1975 through June 30, 1976

The Clinical Studies Section was organized during the fiscal year 1976 in

order to identify, coordinate and develop those contract efforts within the
Virus Cancer Program most directly applicable to human disease. Although
the specific mission involves implementing those studies which are directly
related to the etiology, diagnosis, prognosis and control of human malignan-
cies, it nonetheless also includes animal models when such systems are
designed to investigate diagnostic, preventive and/or therapeutic procedures
which have the potential for human application. In a similar manner, clini-
cal studies utilizing epidemiologic probes to determine the etiology of human
malignancies include those which are fundamentally human in scope, as well as
natural history studies of disease patterns in animals, such as Marek's
disease, feline leukemia, and murine leukemia.

Efforts to determine the viral etiology of certain human tumors were made by
eleven Clinical Studies contracts. Burkitt's lymphoma (BL), Hodgkin's
disease (HD) and related tumors were investigated by the International Agency
for Research on Cancer (lARC), Hebrew University, and the Center for Disease
Control (CDC). lARC studies demonstrated that Burkitt's lymphoma is not the
result of primary infection with Epstein-Barr virus (EBV), since in a pros-
pective study, the first eight sera from Burkitt's lymphoma patients obtained
up to 17 months prior to the onset of disease were positive for antibodies to
virus capsid antigens (VCA). Serologic studies continue to confirm the
different patterns of EBV antibody in different populations. Normal Chinese
have a significantly elevated antibody level to the EBV-associated complement-
fixing antigen and Ugandan individuals have a significantly increased incidence
of conversion from positive EBV antibody to an antibody negative state. lARC
investigators also found evidence of the EBV genome in epithelial cells from
nasopharyngeal carcinoma (NPC) biopsies obtained from French, Tunisian and
Chinese patients, suggesting that EBV is necessary for the development of
this particular tumor. At Hebrew University, epidemiologic studies on

emigrants indicated that the country and area of birth was the most important
factor in determining whether individuals subsequently develop a specific
type of lymphoma or remain free of cancer. A high incidence of Hodgkin's
disease in Jews immigrating from European countries and increased rates of
lymphosarcoma and non-Hodgkin's lymphomas in Jews emigrating from Africa
and Asia was noted. A new project on intestinal lymphoma was initiated
because of the finding that Burkitt's lymphoma was the most frequent tumor
in Arab children living in Israel. EBV genome was found in an Arab child
with Burkitt's lymphoma and, because of the absence of malaria from this
part of the world, comparative studies between children living in Israel and

Africa will be of great importance in examining etiologic factors of this
EBV-related malignancy. Epidemiologic studies on Hodgkin's disease performed
by the CDC confirmed that infectious mononucleosis was associated with a

three-fold risk of subsequent lymphoma. Another project by CDC indicated
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that interpersonal contact carries a two-fold greater risk of developing HD, '

but noted that this may not be significant. Animal models to investigate
the mechanisms by which EBV may induce human lymphoma will be pursued at
Tulane University, Rush Presbyterian St. Luke's Medical Center and the
University of California at Davis. At Tulane University it was shown that
immunosuppressed squirrel monkeys harbor more infective Herpesvirus saimiri
in their throat washings than non-immunosuppressed animals, suggesting that
such suppression encourages virus replication and transmissibility. A

spontaneous outbreak of lymphoma in a rhesus monkey colony at the University
of California at Davis has been investigated from both the DNA and the RNA
virus point of view and this year a herpes-like virus cross-reacting immuno-
logically with EBV was identified in this group of animals.

A variety of other tumors was investigated at the University of Southern
California (USC), University of California at Los Angeles (UCLA), Fred

Hutchinson Cancer Research Center, and Massachusetts General Hospital.
Comparative studies in animals and humans continued to provide evidence that
endogenous RNA viruses exist, and at UCLA and Massachusetts General, cell-
mediated immunologic assays were applied for the possible detection of such
viruses. One approach to the role of immunity in etiology of cancer has

been to evaluate kidney transplant patients who have a very high rate of
subsequent cancer following kidney transplantation and immunosuppression.
Studies at Massachusetts General Hospital suggested that the graft vs. host
reaction activating latent RNA virus may be related to the subsequent devel-
opment of cancer. At UCLA, it was noted that transplant patients who received
kidneys from close relatives had a significantly higher incidence of cancer
following transplantation than those who received kidney transplants from
unrelated (cadaver) donors. Animal studies at the Fred Hutchinson Cancer
Research Center suggested that oncogenic RNA viruses are harbored in adult
kidneys in mice thus providing a possible clue as to the reason for this high

cancer incidence in the transplant patients.

Increasing emphasis was placed on identification of assays that could be used
to detect individuals at high risk to subsequent development of cancer. In

Singapore, investigators at lARC demonstrated a genetic disequilibrium between
A2 and Singapore 2 histocompatibility antigens on the lymphocytes of NPC

patients and their family members, thus indicating that specific genetic
linkages are required in order for Chinese individuals to develop nasopharyn-
geal carcinoma (NPC). Studies on NPC patients from other populations performed
by lARC and UCLA investigators showed that the A2 antigen was also increased
in NPC patients from other populations but Singapore 2 was only prominent in

Chinese individuals.

The possible relationship of EBV antibodies to immune respone genes was
investigated at Litton Bionetics, CDC and UCLA. The finding of elevated EBV
antibody titers in normal individuals within cancer families suggested that
elevated EBV antibody titers might indicate an abnormal immune status and

susceptibility to cancer. The importance of these family studies was
emphasized by the finding at USC that 20% of the healthy relatives from
families of multiple cases of lymphoma and leukemia have abnormalities of the
cellular or humoral immune system. An assay applied at Biotech Research
Laboratories to determine sensitivity to skin fibroblast transformation by

simian sarcoma virus provided preliminary evidence that an assay might be

developed for determining susceptibility to leukemia.
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A number of assays were applied in clinical studies in order to improve the

early detection , diagnosis and monitoring of human tumors. Studies on EBV-

related tumors were pursued at the Children's Hospital of Philadelphia,
George Washington University (GWU) and lARC. The studies at the Children's
Hospital further confirmed the potential importance of antibody to the
"restricted" (R) form of early EBV-induced antigen (EA) in predicting which
child in chemotherapeutically induced remission was more likely to relapse
with Burkitt's tumor, thus providing an opportunity for improved treatment
of patients. Collaborative studies conducted at GWU, lARC, Litton Bionetics,
Inc., and the National Cancer Institute, demonstrated that antigens on the
surfaces of cells of established lines could have a disease relationship,
and that immune responses to such antigens could be useful in determining
which patients were in relapse and which were in remission. Specificity for
breast cancer-related antigens was demonstrated by Litton Bionetics investi-
gators using the direct macrophage migration inhibition assay, thus confirming
similar findings by Dr. Maurice Black at New York Medical College. In the

area of early diagnosis, three new contracts were initiated at the University
of Alabama, University of Tennessee and Duke University to develop techniques
differentiating between fetal antigens and viral antigens. At Stanford
University, progress was made on a test for early detection of Hodgkin's
disease.

Disease control was approached through vaccine development and chemo-
immunotherapy. Effective preventive vaccines for feline and murine leukemia
were developed at Microbiological Associates, Inc. (MAI) and at Ohio State
University. At MAI, it was shown that live virus was far more effective
immunogenically than killed virus. The most effective vaccine, recently
developed at Ohio State University, was a tumor cell vaccine using a feline
oncornavirus cell membrane antigen (FOCMA)-containing feline lymphoblastoid
cell line. The application of the principles obtained in animal systems to
the preparation of vaccines suitable for human treatment was pursued at Merck
and Co., Inc. where studies on the feline leukemia model for RNA virus
vaccines included the selection of Jarrett's FLD-1 virus strain. A feline
leukemia virus glycoprotein and methodology for its routine production was
developed. Emphasis at Merck in the past year was placed on a vaccine for
herpes simplex virus type 2, a possible etiological agent for human cervical
cancer. Basic studies directed toward practical production of suitable crude
antigens and detection and isolation of small quantities of glycoproteins
from these antigens were completed. Improvements in the chemo-immunotherapy
of murine leukemia were demonstrated at Mt. Sinai Hospital where antiviral
agents such as Virazole were shown to significantly enhance the therapeutic
effect of immunotherapy in AKR mice. The success of these investigators in

the murine system led to the implementation of a similar project in Herpes-
virus saimiri-infected monkeys in collaboration with the New England Primate
Center. A successful chemotherapeutic regimen was developed and a therapeutic
program using antiviral agents and chemo-immunotherapy was initiated.
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CLINICAL STUDIES SECTION

Dr. Donald H. Luecke, Acting Head

ALABAMA. UNIVERSITY OF (N01-CP4-3394)

Title : Immunologic Studies on the Relationship of Embryonic Antigen to
Virus-Induced Tumor Antigens

Contractor's Project Director : Dr. Eddie W. Lamon

Project Officer (NCI) : Dr. Paul Peebles

Objectives : Investigation of the cellular immune responses of mice to
embryonic and vi rally induced antigens of tumor cells by analyses in vitro
to determine the magnitude of the response to each class of antigen, the
nature of the effector cells, and the mechanisms involved in specific
cytolytic responses.

Major Findings : The functional significance of embryonic and virally induced
tumor antigens is being studied in terms of the cellular immune response to
such antigens. Syngeneic and F] hybrid hosts have been injected with
Mitomycin-C treated polyoma virus transformed murine tumor cells. Cytotoxic
lymphocytes produced in these animals were detected using microcytotoxicity
assays. Tests against a battery of target cells including: 2 polyoma virus
transformed cell lines, l/SV-40 transformed cell line, "normal" 3T3 cells,
1 mouse sarcoma virus (MSV) transformed cell line, and primary mouse embryo
fibroblasts revealed that the lymphocyte cytotoxicity was specific for
polyoma virus transformed cell lines, and that there was no significant cyto-
toxicity against cell lines transformed by other viruses or against embryo
fibroblasts. Immune mouse spleen cells were more cytotoxic against the
polyoma virus transformed target cells following removal of macrophages than
before removal. Male syngeneic hosts currently are being immunized with
embryo fibroblasts using the same immunization schedule and cell numbers.

In terms of the mechanisms of target cell destruction of virus induced tumor
cells, serum IgG and IgM from mice in which MSV induced tumors regressed were
both capable of inducing specific lymphocyte cytotoxicity against the target
cells in vitro . IgM could induce cytotoxicity by normal T and B lymphocytes
as well as potentiate the cytotoxicity of immune T and B lymphocytes. IgG
was active with spleen, thymus and lymph node cells. However, the IgM
activity from the same serum pool was more efficient in the induction of
specific cytotoxicity, particularly with thymocytes and lymph node cells.
Antibody dependent cell mediated cytotoxicity was also tested using sera and
lymphocytes from autochthonous hosts after MSV infection. Antibody from
regressor animals was able to potentiate cytotoxic activity of regressor
lymphocytes from autochthonous animals. Also, antibody from tumor bearing
animals, tested 15 days following MSV injection, was found to induce cyto-
toxicity by autochthonous lymphocytes which by themselves were not cytotoxic
against the target cells.
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Significance to Biomedical Research and the Program of the Institute : The
determination of the association between virus transformation and the
expression of fetal antigens was undertaken to obtain a better understanding
of the cross-reactivity between viral antigens and tumor-associated antigens
which might occur in humans. Charactarization of these antigens may lead to
more specific assays relevant to tumor etiology and diagnosis. In addition,
an understanding of the host immune response to these antigens will contribute
information which may be important to understanding the mechanisms of viral
oncogenesis and to the feasibility of using fetal antigens in immunological
control experiments against virus induced tumors.

Proposed Course : Investigations will be continued to determine whether the
same or different lymphocytes are reactive against embryonic versus viral
specific antigens, the kinds of cells (T, B or macrophage), the mechanisms of
in vitro anti -target cell activity by the lymphocytes, and the in vivo
significance of each component of the response.

Date Contract Initiated : June 28, 1974

Current Annual Level : $46,093

BIOTECH RESEARCH LABORATORIES, INC. (N01-CP4-3365)

Tit]_e: Transformation of Fibroblastic Cells Derived from Patients Afflicted
with Genetic Diseases, Hodgkin's Disease (HD), Nasopharyngeal

, Carcinoma (NPC), and from Donors of Multiple Case Cancer Families

Contractor's Project Director : Dr. Robert Ting

Project Officer (NCI) : Dr. Steven Tronick

Objective : To explore human genetic variation in susceptibility to cell
transformation by oncogenic RNA and DNA viruses and help identify high cancer
risk groups.

Major Findings : Eighty- two (82) seed cultures of human cells were propagated,
frozen, and stored in liquid nitrogen. Seventy-seven (77) cell cultures
were screened for their susceptibility to transformation by simian sarcoma
virus (SSV) and some of them were also tested for their susceptibility to
SV40 T-antigen induction and transformation. In each experiment, whole human
embryo (WHE) cells were used as standard control cells. Skin fibroblast
cells derived from normal persons were more resistant to SSV transformation
(1.6%) as well as SV^q T-antigen production (2.0%) than other groups especially'
acute myeloid leukemia (AML) patients (SSV transformation, 12.2%, and SV40
T-antigen production, 3.9%). Specifically, in SSV studies, 2/17 normal
persons, 4/5 fetal tissues, 4/5 AML patients, 7/12 acute lymphocytic leukemia
(ALL) patients, 12/33 normal relatives of cancer patients, and 8/14 persons
with other cancers or genetic diseases had transformation rates exceeding 2%
focus forming units (FFU). It was noted, however, that the range in each
group was broad with overlap among groups.
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Significance to Biomedical Research and the Program of the Institute : One ^P^
of the objectives of the National Cancer Plan is to identify groups of

individuals that are more susceptible to cancer development than individuals

of the general population. This project was initiated to investigate one

approach to identify such groups and develop methods to measure the degree
of susceptibility.

Proposed Course : Studies will be completed during the next contract year. W
Date Contract Initiated : June 28, 1974

Current Annual Level : $54,000

BOSTON HOSPITAL FOR WOMEN (N01-CP4-3379)

Ti tl

e

: Retrospective Cohort Study for Cervical Neoplasia and Herpes Simplex
Virus Type 2

Contractor's Project Director : Dr. Lorna D. Johnson

Project Officer (NCI) : Dr. John Pearson

Objectives : To identify patients who had or developed cervical neoplasia
(atypia, dysplasia, carcinoma in situ or invasive cancer) and other cancers ^
together with matched controls among a population of 12,708 women in the ^^'
Collaborative Study for Cerebral Palsy (CSCP) who were screened for cervical

neoplasia by Papanicalaou smears and who had serum samples taken during the

period from 1959 through 1965 at the Boston Hospital for Women. To provide
current historical , cytologic and histopathologic data and serum samples
from these women for comparison with previous samples on file at the National

Institute for Neurological and Communicative Disorders and Stroke (NINCDS).

To provide similar data and serum samples from patients with cervical neoplasia

afid genital herpes who are currently attending the Special Cervical Clinic at

the Boston Hospital for Women.

Major Findings : A total of 2,573 serum samples together with detailed
histories, Papanicalaou smears and colposcopic examinations have been

obtained from patients with cervical neoplasia, other cancers, genital herpes

infection and vaginal adenosis and from control women. Serum samples have

been aliquoted and sent under code to the NIH. Seven hundred seventy-one of

these patients had one or more serum samples taken during the years 1959 ^^
through 1965. These sera were banked at the NIH and are available for ^T
comparison with current samples. ^^

Significance to Biomedical Research and the Program of the Institute : The

unique population from which the specimens are being drawn permits a

"prospective" study to achieve more information concerning the relationship
between HSV-2 and cervical cancer.

1644



Proposed Course : Completion of specimen acquisition.

Date Contract Initiated : June 4, 1974

Current Annual Level : $129,810

CALIFORNIA, UNIVERSITY OF, DAVIS (N01-CP5-3504)

Title : Studies on the Viral Etiology of a Malignant Lymphoma Outbreak in

Rhesus Monkeys

Contractor's Project Director : Dr. JaRue Manning

Project Officers (NCI) : Dr. Paul Peebles
Dr. Kenneth Takemoto (Assistant)

Objectives : To study the epidemiology and suspected viral etiology of an

outbreak of spontaneous malignant lymphoma in rhesus monkeys at the California
Primate Research Center (CPRC) and to compare the findings of these studies
with those of others on viral-induced lymphoma of nonhuman primates and
spontaneous lymphoma of man. The specific aims of this research proposal
are: (1) to conduct a detailed epidemiological analysis of the lymphoma
outbreak; (2) to examine serum samples from lymphoma-bearing and high risk
monkeys for antibodies to simian oncornavirus and Epstein-Barr virus (EBV)

and virus-associated antigens; (3) to detect and characterize oncornavirus
and herpesvirus-like particles and their associated antigens in spontaneous
lymphoma tissues; (4) to propagate lymphoma-derived cells in tissue culture
and screen for the presence of herpesvirus-like and oncornavirus-like
particles by immunological and biochemical methods.

Major Findings : Antibodies reactive with both EBV viral capsid (VCA) and
nuclear antigens (EBNA) were detected in the sera of lymphoma-bearing monkeys.
Preliminary tests on sera from non-lymphomatous rhesus monkeys showed a much
lower frequency of anti-VCA reactivity. Serologic studies recently were
expanded to determine more accurately the frequency of anti-VCA and anti-
EBNA activity in the sera of high risk and low risk animals. Although the
presence of type C viruses in cultured lymphoma cells has not been detected,
the possible role of such agents in the etiology of this disease outbreak
cannot yet be excluded. Preliminary results obtained in collaboration with
Dr. George Todaro detected the presence of an antigen cross-reactive with
baboon virus protein p30. Immunologic studies showed that rhesus monkeys at
CPRC have developed a number of diseases associated with immunologic abnormal-
ities. Isoniazid (INH) therapy may have played a key etiologic role, perhaps
acting synergistically with a viral agent. INH-treated rhesus monkeys showing
reduced immunologic function will be inoculated with infectious EBV in an
attempt to establish the disease in this species under conditions believed
important in the initiation of the original outbreak. Epidemiologic studies
are being refined to determine the major factors (drugs, infections, location,
etc.) which were operable during the outbreak.

Significance to Biomedical Research and the Program of the Institute : The
spontaneous outbreak of malignant lymphoma in macaques under study is the
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first such outbreak in non-human primates recognized in this country. A
|

number of the observations made on the disease in the rhesus monkey showed a

parallel with lymphoma in man, particularly Burkitt's lymphoma. As in humans,

the etiology of this neoplasm in the rhesus monkey is unknown. Studies on

Burkitt's lymphoma indicated that both a herpesvirus and an oncornavirus

might be involved. Both may be involved in the outbreak of lymphoma in

nonhuman primates being studied. Obtaining critical information on the

etiology and immunobiology of this outbreak of malignant lymphoma in rhesus

monkeys mayappreciably enhance our understanding of lymphoma in man.

Proposed Course : Continuation to achieve the objectives described.

Date Contract Initiated : September 23, 1974

Current Annual bevel : $105,590

CALIFORNIA. UNIVERSITY OF, LOS ANGELES (N01-CP4-3211

)

Title : Studies of Interrelationship of Viruses, Genetics and Immunity in

the Etiology of Human Cancer

Contractor's Project Director : Dr. Paul I. Terasaki

Project Officer (NCI) : Dr. Paul H. Levine

Objectives : (1) To detect cellular and humoral immunity in cancer patients

and to determine the specificity of these reactions; (2) to understand the

cellular components of the immune response to cancer and its interaction with

antibodies in terms of resistance or susceptibility to cancer; (3) to study

the immune response of cancer patients and normals to different viruses and

viral -induced antigens; and (4) to examine the relationship of genetic

markers (HL-A and others)' for linkage to the incidence of cancer in families.

Major Findings : HL-A typing of cancer families indicated that HL-A antigens

followed a pattern for susceptibility to cancer, suggesting the importance of

studying disease susceptibility antigens and their possible relationship to

the future occurrence of cancer. A study of nasopharyngeal carcinoma patients

in the United States indicated that Chinese NPC patients also have a higher

frequency of the Sin2 marker observed by Dr. Malcolm Simons and his colleagues

in Chinese patients in Singapore. Studies focusing on HL-A5, an antigen

found frequently in Hodgkin's disease, chronic lymphocytic leukemia,

infectious mononucleosis and other EBV associated diseases were initiated.

No specific link between any HL-A antigen and presence of EBV antibody was

observed. Immunologic assays were applied to a study of cell lines from

different laboratories in order to determine whether preparations purporting

to be the same cell line were indeed the same. Several groups of Raji

lymphoid cell lines were typed. A correlation between the cell line, HL-A

antigens and the antigens from the peripheral blood of the individual who was

the donor of the cells from which the line was originated indicated that this

assay was a valid one for characterization of cell lines.
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The specificity of the cytotoxicity assay was improved by utilizing separated
cells from blood donors. In addition, subtle specificities were identified
in whole blood studies using a new computer analysis. The information
collected suggested that humans did indeed have cell mediated immunity to an

antigen contained in patients' tumor cells. These findings are consistent
with the observations in animals that suggest the assay may be detecting
endogenous RNA viruses.

Significance to Biomedical Research and the Program of the Institute : The
identification of disease susceptibility genes is of great importance to

studies on the etiology of cancer. In family studies, linking genetic type

and immunologic response to tumor- and virus-associated antigens may help to

determine which humans are more likely to develop specific tumors as well as

which abnormal immune responses to certain viral antigens are closely linked

to the tumors. The investigators have been involved in studies indicating

that individuals with certain HL-A types have a diminished response to certain
viral antigens, particularly of influenza virus. Comparable techniques may be

useful to determine whether certain groups of people have an appropriate
response to EBV or other suspected tumor viruses.

Proposed Course : Studies on familial cancer will continue and, in addition
to HL-A typing of family members, lymphocyte defined antigens will be measured.
An attempt will be made to obtain immunologic profiles on normal individuals
in cancer families. The cytotoxicity assay will be applied to animal systems
attempting to relate the cellular and humoral immune response to oncogenic
viruses.

Date Contract Initiated : July 12, 1971

Current Annual Level : $285,000

CENTER FOR DISEASE CONTROL (N01-CP4-0202)

Title : Epidemiologic Studies of Leukemia and Related Diseases

Contractor's Project Director : Dr. Clark Wright Heath, Jr.

Project Officers (NCI) : Dr. Paul Peebles
Mr. Roger Connelly (Assistant)

Objectives : To relate epidemiologic studies of leukemia and related diseases
to laboratory assays pertinent to the viral etiology of cancer by: (1) ad hoc
field investigations of community clusters of cancer cases, unusual viral
illnesses, and/or animal tumor-associated cases; (2) multiple-case family
studies; (3) cohort study of heterophile-positive infectious mononucleosis
(IM) cases with respect to subsequent cancer risk; and (4) epidemiologic study
of interpersonal contact in relationship to leukemia and lymphoma incidence.

Major Findings : Ad hoc epidemiologic studies: Seventeen field investigations
of leukemia or lymphoma cases occurring in unusual epidemiologic circumstances
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m
(case clusters, familial disease, animal -associated cases) were conducted or ^•^
begun. One of these investigations involved follow-up of contacts of a woolly
monkey with multiple fibrosarcomas from which a type C virus was isolated.
The owner of the monkey was interviewed and serum samples obtained from her,

her 12 dogs and cats, neighbors, and the veterinarians who handled this
animal prior to diagnosis of fibrosarcoma. No other malignancies have been
confirmed in contacts with this animal. Specimens were submitted to NCI for ^^
attempts at virus isolation and biochemical tests.

"

Multiple-case family studies: Over 20 multiple-case cancer families were or

currently are under study to add to the collection of multiple case cancer
families. Selected specimens are being collected for HL-A typing by

Dr. Terasaki at UCLA and for virus antibody determination by Dr. Feorino at
CDC. Family trees and summaries of family information have been sent to

Dr. John Mulvihill at NCI for collaborative study.

Interpersonal contact in relationship to leukemia and lymphoma risk:

(a) Connecticut - The frequency of school attendance links was assessed among
cases of leukemia and lymphoma in Connecticut high school teachers and

students. Findings support the concept that Hodgkin's disease (HD) cases but
not cases of leukemia or non-Hodgkin's lymphoma relate to increased levels of
interpersonal contact. The relative contribution of teacher cases to the

risk of exposure is now being analyzed, (b) Atlanta - The extent to which
interpersonal contact determines the occurrence of leukemia or lymphoma in ^^
the Metropolitan Atlanta area is being investigated utilizing all cases under ^F
age 50 in CDC's ongoing registry. A personal interview with each case and a ^
matched control determines residence, school, and employment histories. A

computer program will then link case-case, control -control , and case-control
pairs overlapping in time or space with respect to residence, schooling, or
employment. Cases diagnosed from 1970 through 1973 have been interviewed
but controls still await selection and interview.

»

Infectious mononucleosis follow-up study: Data collection on the follow-up
study of heterophile positive IM cases at selected U.S. colleges has been
completed. A total of 3 cases of HD were identified among infectious mono-
nucleosis cases. All 3 were in males, a finding similar to that in a Danish
study. Intervals between IM and HD were 3,4, and 7 years. Three cases of
leukemia and lymphoma were identified among controls, 1 acute leukemia, 1

lymphosarcoma, and 1 HD. A total of 2,292 IM cases and 2,455 controls
comprised the final study cohorts.

Sero-epidemiology of bovine leukemia virus (BLV) in dairy herds and herdsmen:
Fifty-one dairy farms in Wisconsin and Minnesota were identified for a study ^
based on results of BLV studies done on animals from those farms. A total of ^-
48 families were contracted and agreed to participate in the study. 145
persons had contact with 30 BLV-positive herds and 47 were in contact with 13

negative herds. These 192 persons submitted to interview and collection of
serum specimens. All of the 192 sera were negative for antibody to BLV.

1648



Significance to Biomedical Research and the Program of the Institute : These
various epidemiologic studies are designed to provide clues regarding the
potential importance of infectious agents for the etiology of cancer. This
is being done by seeking patterns within multiple-case families and community
clusters, by defining features of possible premalignant states (IM), and by
assessing the possible importance of interpersonal contact for specific kinds
of leukemia and lymphoma. Should objective epidemiologic evidence suggesting
an etiologic role for infectious agents emerge in any of these settings,
specific intensive longitudinal laboratory/epidemiologic studies would be
indicated. Specimens collected in the course of these epidemiologic studies
provide highly characterized material of particular importance to laboratory
workers in the Virus Cancer Program.

Proposed Course : It is expected that the contract will continue as in the
past with ad hoc field investigations, intensifying efforts for combined
laboratory-field studies, particularly with respect to multiple-case families.

Date Contract Initiated : July 1, 1967

Current Annual Level : $110,000
j

CHILDREN'S HOSPITAL OF PHILADELPHIA (N01-CP3-3272)

Title : The Propagation and Seroepidemiology of Epstein-Barr Virus (EBV)

Contractor's Project Director : Dr. Gertrude Henle

Project Officer (NCI) : Dr. Berge Hampar

Objectives : To investigate the relationship between EBV and human cancer.
Studies on this contract include: (1) Improvement of existing, and develop-
ment of new techniques for the detection of EBV related antigens and titration
of corresponding antibodies; (2) searching for methods to measure cell-
mediated immune reactions in EBV-associated diseases, and if successful, their
application to detection of blocking (tumor enhancing) factors; (3) determina-
tion of frequencies and titers of antibodies to various EBV-determined antigens
in EBV-associated diseases providing prognostic information and support for a
causal relation of EBV to given human malignancies; and (4) attempts to improve
yields of Infectious virus from present sources and search for new sources in
efforts to obtain potent EBV preparations and to compare biologic properties
of different isolates.

Major Findings : In studies on Burkitt's lymphoma (BL) the prognostic
significance of antibody titers against the restricted (R) form of early EBV-
induced antigen (EA) was confirmed in two separate studies. Correlations
between EBV-induced nuclear antigen (EBNA) serum titers and dermal sensitivity
to recall antigens and to Raji cell antigen have become evident. Low anti-
EBNA titers seemed to correlate with anergy to recall antigens. Negative
skin tests against Raji cell antigens were obtained in patients with high
anti-EBNA titers. These apparently paradoxical results require explanations.
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Results of the prospective study of BL in Uganda showed that pre-sera from 8

cases all had antibodies to VCA but not to EA. With development of BL anti-
viral capsid antigen (VCA) and anti-EA serum titers rose to high titers.

The presence or absence of EBV DNA in American and to some extent also

African BL biopsies appears predictable by the EBV-related serologic patterns
of the patients.

In nasopharyngeal carcinoma (NPC), EBNA tests were positive in 80% of donors
of 25 NPC biopsies, but in none of 36 cases biopsied for other carcinomas or

normal mucosa. Efforts to establish the carcinoma cells in culture failed
thus far. Outgrowing EBNA-neoative cells were resistant to infection by EBV.

As a new outstanding feature of NPC, EBV-specific IgA serum antibodies were
detected in more than 90% of untreated patients, often at high titers. EBV-

specific IgA was rarely noted in patients with other carcinomas or healthy
donors, and was detected at low titers in about 30% of BL cases and only

transiently in 40% of IM patients. EBV-specific IgA antibodies disappear in

patients who respond well to therapy, but remain elevated or increase in

patients with continuing or recurrent disease. Some patients also have EBV-

specific IgM antibodies, suggesting intermittent or continuing active

infectious processes.

Studies on patients with immunosuppressive diseases revealed that high anti-

VCA titers in Hodgkin's disease are referable to defects in T cell function.

Renal transplant patients usually maintain their anti-VCA titers but the

anti-EBNA levels are often low, even prior to surgery, indicating immuno-

suppressive effects of the underlying disease (uremia).

Significance to Biomedical Research and the Program of the Institute : The
primary purpose of these studies is to prove the etiologic relation of EBV

to certain human malignancies. Fingerprints of EBV have been found in nearly
all BL and NPC biopsies. This virus transforms normal lymphoid cells in vitro
into permanently growing lymphoblasts which have malignant properties and are

indistinguishable from cultured BL cells. EBV may induce lymphoproliferative
malignancies in several non-human primate species. Patients with BL or NPC

generally have antibodies to EBV-related antigens, often at very high titers,

and changes in the spectra and titers of various antibodies are referable to

clinical events. EBV-related serology thus may serve to detect advancing
disease, to provide prognostic information, and to monitor the effectiveness
of therapy. Despite the mounting evidence for a causal relation of EBV to

BL and NPC, present data do not rigidly exclude a passenger role of the

virus in these malignancies. Furthermore, if the role of EBV were causal

rather than casual, other factors must undoubtedly be operative to permit
this common virus to express its evident oncogenic potential. Among these
factors immunologic defects deserve special consideration. The types of

antibodies studied most extensively are directed against EBV structural and

EBV-induced intracellular antigens which could not affect the tumor. It is

most essential, therefore, to search for humoral and cell-mediated immune
responses directed against EBV-transformed cells. If successful, methods
would become available for detection of blocking (or tumor enhancing)
factors. Pertinent studies on IM patients may reveal how they control EBV-

transformed cells. It then can be determined whether this mechanism fails
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to materialize on rare occasions or becomes inoperative under certain
circumstances so that transformed cells escape control. Such evidence would
significantly strengthen a causal role of EBV in human malignancies s and
provide a firmer basis for consideraticii of EBV-specific preventive measures.

Proposed Course : Continued emphasis will be placed on the improvement of
existing assays (particularly EBNA) and the development of new assays for
the measurement of humoral and cell-mediated immunity to EBV-associated
antigens. Longitudinal studios on BL patients in Nairobi, Uganda and Ghana
will be continued to provide further evidence for the prognostic significance
of EBV-related antibody patterns and to determine especially the relationship
of anti-EBNA titers to clinical events. Normal controls will be studied in

parallel. Cell-mediated immunity studies will be performed on patients in

Uganda and Ghana which will be compared with serologic patterns. The NPC
studies in collaboration with Dr. John Ho in Hong Kong will require at least
two more years until most of the patients have passed the five year mark.
Also in collaboration with Dr. Ho, the specificity of the EBNA antigen in

NPC biopsies will be pursued by evaluating biopsies from patients with other
carcinomas and tumors of the head and neck as well as normal tissijes adjacent
to the tumors. Other studies will include the relationship of EBV titers and
T cell function in studies on renal transplantations.

Date Contract Initiated : March 1, 1973
This is a continuation of contract PH 43-66-477 initiated February 2, 1966.

Current Annual Level : $189,115
'

DUKE UNIVERSITY MEDICAL CENTER (N01-CP4-3395)

Title : Immunological Studies on the Relationship of Embryonic Antigens and
Virus Associated Antigens

Contractor's Project Director : Dr. Samuel A. Wells

Project Officers (NCI) : Dr. John Pearson
Dr. Robert Friedman (Assistant)

Objectives : To evalute the immunological similarity known to exist between
fetal cell antigens and the antigens of tumor cells induced by oncogenic and
endogenous viruses.

Major Finding s: Growth response curves and immunogenicity studies have been
completed for the four Schmidt-Ruppin, Strain D, virally-induced tumor lines.
On the basis of these studies, one tumor line (SRD-3), has been selected
because of its greater immunogenicity. This tumor line will be used for all
subsequent in vivo studies. Paradoxically, tumor cells from the line SRD-1
have proved most immunosensitive in vitro . Specific immune sera against the
four experimental tumor lines have all been more cytotoxic against SRD-1
tumor cells than against any other cell line including the line against
which the immune serum was generated. In one large experiment, C57B1/6 mice
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were immunized against syngeneic SRD-3 tumor cells, syngeneic fetal cells,
allogeneic (DBA) fetal cells, and allogeneic (DBA) adult cells. Following
immunization, the animals were x-irradiated and challenged with graded doses
of SRD-3 tumor cells. Strong in vivo resistance to tumor cell challenge was
encountered only in the animals immunized against syngenic fetus. Surprisingly,
animals immunized to SRD-3, the tumor used subsequently for tumor challenge,
did not demonstrate any resistance to tumor growth. In vitro humoral cyto-
toxicity against SRD-3 tumor cells and SRD-1 tumor cells was encountered
only in those animals immunized to SRD-3 tumor cells or to syngeneic C57B1
fetal tissue. This experiment is being repeated utilizing the same immuniza-
tion groups and re-evaluating the effect of host x-irradiation prior to
tumor challenge.

Cell-mediated cytotoxic studies are in progress as are studies on the effect
of fetal cell immunization on pregnancy.

Significance to Biomedical Research and the Program of the Institute : The
hypothesis that derepressed host genes are responsible for oncogenesis is

being actively studied by several groups in cancer-related programs. The
relationship between fetal antigens and virus-associated antigens,
particularly those associated with endogenous virus expression, is an

important issue in relation to the question of etiology as well as to pro-
grams concerned with prevention and control of virus-associated cancers. To

better understand the mechanism of neoplastic transformation, it is essential
to develop the tools to distinguish between host gene re-expression and new
viral gene products.

Proposed Course : Tumor transplantation resistance will be studied in vivo by
evaluating tumor growth in (a) C57B1/6 mice immunized appropriately with
syngeneic fetal tissues and control tissues, (b) C57B1 mice immunized with
syngeneic solublized fetal cell antigens and control tissue antigens, and
(c) primiparous and multiparous C57B1/6 mice. Further characterization of

the relationship between fetal cell antigens and virus-induced antigens will

be studied using a variety of in vitro techniques. Monospecific reagents
prepared against murine and avian type C virus components will be used to

determine the expression of endogenous virus antigens in mouse cells trans-
formed by Rous sarcoma virus.

Date Contract Initiated : June 28, 1974

Current Annual Level

:

$74,033
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I.
FRED HUTCHINSON CANCER RESEARCH CENTER (NQ1-CP5-3570)

Title : Studies on Tumor-Specific Transplantation Antigens

Contractor's Project Directors : Dr. Karl Erik Hellstrom
Dr. Ingegerd Hellstrom

Project Officers (NCI) : Dr. John Pearson
Dr. Robert Friedman (Assistant)

Objectives : (1) To detect and characterize tumor-specific antigens in human
tumors and serum-mediated and cell -mediated immune responses to these tumor-
specific antigens. (2) To define the nature of antigens involved in

successful immunization of mice with embryonic and adult cells.

Major Findings : In human studies, the investigator found that normal family
members of melanoma patients have specific cell-mediated cytotoxic reactivity
against melanoma tumor cells.

In animal studies, it was shown that (1) lymph node and spleen cells from
pregnant BALB/c mice are cytotoxic to cultivated syngeneic tumor cells, but
not to control target cells; (2) that embryonic tumor antigens elicit high-
titered blocking serum factors, and (3) that tumorigenesis by methyl cholanthrene
is reduced in male mice immunized with embryonic and adult antigens.

Significance to Biomedical Research and the Program of the Institute : This
work represents definition and analysis of the immune response to tumor-
associated antigens. The data developed will be directly applicable in

approaches to prevent, treat and better diagnose human tumors by immunological
means.

Proposed Course : Studies will be continued on the interaction between
lymphocyte and serum factors in animals and patients with the ultimate
objective of application to cancer prevention and treatment by immunological
means

.

Date Contract Initiated : April 14, 1969

Current Annual Level

:

$115,960
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GEORGE WASHINGTON UNIVERSITY (N01-CP2-3251

)

Title : In Vivo and In Vitro Studies of the Immune Response to Virus-

Associated Antigens in Lymphoma and B^c-ast Cancer Patients and
Controls

Contractor's Project Directors : Dr. T. Crandall Alford
Dr. Phillip Periman

Project Officer (NCI) : Dr. Paul H. Levine

Objectives : To evaluate the immune response of patients with malignant
diseases to tumor and virus-associated antigens by means of in vitro assays

and skin tests; and to correlate the results with the stage and course of

the patient's malignant disease.

Major Findings : Studies on patients with breast cancer: Immunologic studies

concentrated on one in vitro assay, the leukocyte migration inhibition assay.

These tests showed positive reactivity for 90% of breast cancer patients to

3M KCl extracts of cells of MCF-7, a cell line derived from a breast cancer

patient. Little reactivity was noted in patients with other types of disease.

In this assay, reactivity to purified mouse mammary tumor virus (MMTV) was

also observed for 93% of breast cancer patients sampled, and significant
amounts of reactivity were expressed against the gp52 virus glycoprotein
fraction. Only 5% of non-breast cancer patients yielded positive response.

Comparative studies using mouse milk samples showed that 7% of breast cancer
patients gave positive reactions to mouse milk samples from RIII strain mice
but not to milk from Rlllf mice. Only patients with in situ breast cancer

were positive. The immunity to the breast cancer-associated antigens were

in marked contrast to the tests of nonspecific cellular immunity (PHA

stimulation, MLC, and rosetting) which indicated that cancer patients had

poorer reactivity than controls.

Studies on patients with lymphoma: Hypotonic and hypertonic preparations
from cell membranes of established cell lines were used in skin tests in

lymphoma patients and controls. Positive skin test responses to lymphoid
cell line antigens were found in patients with lymphoma and related cancers.

These antigen preparations, which are identical to those used by other

investigators in Hong Kong, France, Tunisia, Ghana and the United States,
appear to have disease-related antigens. The Raji cell line is the one that
is most frequently positive in tests in lymphoma patients. Simultaneous
skin testing with several lots of antigen prepared from the same lymphoid
cell line demonstrated variability of antigenic potency between preparations.
These observations demonstrated the need for pure standardized antigen
preparations but also indicated that the simultaneous testing performed by

the contractor was valuable in determining which preparations were antigenic
and which were not. Correlation between skin test results and in vitro
leukocyte migration inhibition was observed with the hypotonic antigen
extract of the Raji cell line. Longitudinal studies in individuals with
acute infectious mononucleosis demonstrated a strong immunity to EBV-
associated antigen within weeks after the acute stage of illness, but most
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of the reactivity disappeared within two months from the time the acute
symptoms subsided.

Significance to Biomedical Research and the Program of the Institute : There
is growing evidence that a virus sharing antigens with mouse mammary tumor
virus is associated with human breast cancer, and the Epstein-Barr virus is

a probable cause of some forms of human lymphoma. The findings from this
contract continue to support the association between these viruses and their
related tumors. There is a need for further information on cellular immunity
to virus-associated and tumor-associated antigens as well as correlations
between the immune responsiveness and clinical stage of the patient's
malignancy. The data acquired may help to clarify the relationship between
immune responses to specific viral and tumor antigens, tumor load and
clinical disease. The data may also help clinicians to detect early cancer,
to monitor therapy and to determine relapse or recurrence of malignant
disease.

Proposed Course : This contract will be terminated and these studies will be
continued under other funding mechanisms.

Date Contract Initiated : April 13, 1972

Current Annual Level : $85,670
I

HEBREW UNIVERSITY-HADASSAH MEDICAL SCHOOL. JERUSALEM (N01-CP3-3342)

Title : A Multidisciplinary Study of Hodgkin's Disease in Israel

Contractor's Project Director : Dr. Natan Goldblum

Project Officer (NCI) : Dr. Paul H. Levine

Objectives : To investigate the interrelationship between environmental and
genetic factors in the etiology, pathogenesis and spread of Hodgkin's disease
(HD) in Israel and, in particular: (1) to evaluate clustering among social
contacts, in space and time, and to develop methods for the study of
clustering; (2) to evaluate HD in immigrant and native-born Israelis,
including studies of HL-A typing, and antibody levels to Epstein-Barr virus
(EBV) and other viruses; (3) to review the histological sections of all

malignant lymphomas diagnosed throughout Israel during 1964-1972 so as to
provide basic information necessary for the immunoepidemiologic studies;
and (4) to establish laboratory assays relevant to an understanding of the
pathogenesis of malignant lymphoma.

Major Findings : The analysis of interpersonal contacts was completed and
yielded no evidence that HD is horizontally transmitted. In an analysis
of the incidence and mortality from lymphoma in Jews migrating from different
parts of the world, strong data was provided that factors associated with HD
could be traced back to individuals that spent their early childhood in
Europe and the United States whereas non-Hodgkin's lymphoma was more pre-
valent in Jews immigrating from North Africa and Asia. Native-barn Israelis,
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however, had a higher mortality from both HD and other lymphomas than those
in the foreign-born groups.

A series of biopsies from lymphoma patients were tested for the presence of
EBV genome and cells in a biopsy at least one patient with histologic
evidence for Burkitt's lymphoma (BL) was found to contain EB nuclear antigen
(EBNA). A cell line was established from another patient diagnosed as a BL

case whose tumor cells did not have EBNA, thus providing two lines from
morphologically similar tumors. A study was initiated to examine a series
of intestinal lymphoma patients in Israel. It has been observed that
Burkitt's lymphoma is the most common tumor in Arab children living in

Israel and these frequently present within the intestine. Characterization
of the tumor for evidence of DNA and RNA viral genome will be emphasized.

Significance to Biomedical Research and the Program of the Institute : This
project permits a comprehensive study of all lymphoma cases arising in a

large, well-defined population, with comparable measurement of virus-exposure,
immunologic status, and genetic background on a control group. Mortality
data, an unreliable but useful indicator of environmental contributors to

cancer etiology, have indicated that the country of origin plays an important
role in determining which type of tumor will develop in individuals migrating
to Israel. The project is now emphasizing incidence studies, and it may be
possible to determine at what age and in what country environmental carcinogens
exert their influence in determining the future development of cancer.
Although genetics appear to play a role in the incidence of HD there is also
evidence that an oncogenic virus is involved. In the non-Hodgkin's lymphoma,
at least one case has been linked to EBV in a manner similar to that linking
EBV to Burkitt's tumor in Africa.

Proposed Course : To complete a series of lymphoma patients evaluating the
presence of viral genome in the tumor, genetic markers (such as HL-A)

,

possible epidemiologic contributions (by comparison of the patient group
with a matched control group), and establishment of cell lines which permit
better differentiation of tumor types on a laboratory basis.

Date Contract Initiated : June 29, 1973

Current Annual Level : $219,428

INTERNATIONAL AGENCY FOR RESEARCH ON CANCER (NOl -CP4-3296)

Title : Sero-epidemiologic and Laboratory Studies on Nasopharyngeal
Carcinoma and Burkitt's lymphoma

Contractor's Project Director : Dr. G. Blaudin de The

Project Officer (NCI) : Dr. Paul H. Levine

Objectives : The overall objective of the contract is to investigate the
Epstein-Barr virus (EBV) in relation to Burkitt's lymphoma (BL) and naso-
pharyngeal carcinoma (NPC) in order to determine its role in the etiology of
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these neoplasms. The first specific objective is to carry out a prospective

study in a child cohort population of 35,000 in the West Nile District of

Uganda. The children were to be bled and then followed for at least five

years in order to obtain pre- and post-BL sera. Serological studies on sera

of those children developing BL will test the validity of four hypotheses

which have been formulated regarding the etiological relationship between

EBV and BL. Two sub-objectives are: (1) to study the role of chronic

malaria in the development of BL; and (2) to investigate the epidemiological

behavior of EBV infection in the study population by follow-up of randomly

selected groups. The second specific objective involves the investigation

of the sero-epidemiological behavior of EBV in populations at different risk

for EBV-associated diseases, carried out in Hong Kong, Singapore, Uganda,

and Tunisia. The third objective is the investigation of the possible role

of EBV in the development of NPC through the integration of field and

laboratory studies.

Major Findings : (1) Etiological studies on BL in East Africa: The first

group of sera from children who subsequently developed Burkitt's lymphoma

have been tested and it has been found that EBV infection precedes the onset

of Burkitt's tumor by at least 17 months. Although there was negligible
difference between virus capsid antigen (VGA) antibody patterns in pre-

Burkitt tumor patients and controls, early antigen (EA) titers did appear to

be higher in the pre-tumor samples.

(2) Nasopharyngeal carcinoma (NPC) program: A closer link between NPC and a

specific response gene resulted from studies performed in Hong Kong and

Singapore over the past year. An NPC-associated antigen, designated as

Sin-2, was obtained by bleeding multi parous Chinese women, and subsequent

studies of NPC families indicated that a lymphocyte-defined antigen entitled

Sin-2A may be even more disease specific. A common pattern in NPC is the

association of the HL-A2 and Sin-2A markers. Comparative studies in Tunisia

and France indicate that presence of A2 also prevails in these groups but

Sin-2 was not detected in these non-Chinese NPC patients. Evaluation of the

biopsies showed that EBV genome could be detected in NPC biopsies from

patients regardless of their country of origin. Although the amounts of

viral antigen by hybridization were not the same in biopsies from different

ethnic groups, the EBV genome could be detected in epithelial cells both by

nucleic acid hybridization and immunofluorescence techniques. Skin tests on

NPC patients in Hong Kong and Singapore demonstrated that there was a general

decreased responsiveness to non-specific antigens, but utilization of

antigens derived from the HKLY28 lymphoblastoid cell line, which was obtained
from an NPC patient, showed that NPC patients in Hong Kong, Tunisia and

France had higher reactivity against these antigens than against other
comparable antigens obtained from lymphoma-derived cell lines. Serologic
studies showed that antibodies to different antigens including antibodies
to the complement-fixing S antigen and to the EBV-induced early antigen,
were higher in patients with advancing disease than in controls or patients
with early disease.
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Significance to Biomedical Research and the Program of the Institute : The
research under this contract should help elucidate the role of EBV in two
human tumors, Burkitt's lymphoma and nasopharyngeal carcinoma. The prospective
BL project in Uganda aims to find direct proof that a human tumor is caused
by a virus. The comparative study of the responses to EBV in populations at

different risk for EBV-associated diseases has shown that only comparisons
based on adequate representative. samples of these populations are valid.
Initial tests on individuals of various ethnic groups shows that there are
significant differences among populations at different risk of NPC. The
results obtained by blood genetic typing, together with the seroepidemiological
results, may provide the means for detecting high risk groups among a normal
population for another human tumor, namely NPC.

Proposed Course : In Africa, case detection will continue to have a high
priority in order to determine the relationship of EBV antibodies to sub-
sequent appearance of disease. The nasopharyngeal carcinoma program will be

continued to define the genetic factors relating to disease. Immunologic
and Virol ogic studies will be conducted to determine whether or not the EBV
isolated from Burkitt lymphoma cases is identical to that isolated from NPC.

Date Contract Initiated : June 11, 1970

Current Annual Level : $645,000

LITTON BIONETICS, INC. (N01-CP4-3333)

Ti tl

e

: Immunological Assays for DNA and RNA Viruses

Contractor's Project Directors : Dr. Bruce Maurer
Dr. William Wall en

Project Officer (NCI) : Dr. Paul H. Levine

Objectives : To conduct immunological assays in collaboration with other
investigators to demonstrate any relationship between antigens present in

human breast cancer specimens and antigens present in mouse mammary tumor
virus (MMTV). To analyze humoral and cellular immune functions in normal
individuals and cancer patients against Epstein-Barr virus (EBV) and to
elucidate the relationship of findings to certain types of human cancer.

Major Findings : Assays to determine cell -mediated immune reactions were
applied to detect cross-reactivity with antigens in human breast cancer
specimens and in MMTV. These tests confirmed the observation by Dr. Maurice
Black, New York Medical College, that an antigen in human breast cancer
cross-reacts in apparently specific fashion with antigens from MMTV.
Reactivity against the purified MMTV glycoprotein, gp52, was also demonstrated
with greater frequency for breast cancer patients than from controls.

In the lymphoma studies, a leukocyte adherence inhibition assay employing
small amounts of blood was used for immunoepidemiologic studies of EBV
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infection. Studies correlating cellular with humoral immunity to EBV
suggested that high humoral antibody titers could be associated with a

depression in cellular immunity to EBV. This appeared to be true for
normal individuals as well as patients with Hodgkin's disease. Lymphocyte
stimulation by virion and soluble EBV antigens was determined. Only
lymphocytes from EBV seropositive individuals reacted in the assay,
indicating the specificity of the test, but immunity to the EBV-associated
soluble antigen was found only in patients with active infectious mono-
nucleosis. The reactivity declined after the mononucleosis subsided.
Antigen extracts from lymphoid cell cultures were provided to clinical
investigators at George Washington University, the International Agency for
Research on Cancer, and other investigators in Ghana, Tunisia and the
United States for similar testing. These antigens from lymphoid cell lines
derived from specific tumors were more likely to induce a specific cellular
response in patients with similar histological types of tumor.

Significance to Biomedical Research and the Program of the Institute : The
confirmation of a relationship between MMTV antigens and antigenic deter-
minants associated with human breast cancers provides a means to investigate
the nature of the reactive material in the human materials. The investiga-
tions on immune reactions against EBV antigens, which were conducted with
other investigators, contribute to a better understanding of the association
between EBV and human disease.

Proposed Course : The breast cancer studies were completed. Studies in the
lymiDhoma area will continue to focus on defining the disease-related patterns
of immune responses to EBV in humans.

Date Contract Initiated : June 3, 1974

Current Annual Level : $530,850

MASSACHUSETTS GENERAL HOSPITAL (N01-CP4-3222)

Title : Activation of Oncogenic Viruses and Induction of Cancer by Immunologic
and Non-immunologic Methods

Contractor's Project Directors : Dr. Paul H. Black
Dr. Martin S. Hirsch

Project Officer (NCI) : Dr. Michael A. Chirigos

Objectives : To determine the relationships between chronic allogeneic
disease, immunosuppression, and interferon inducers and the activation of
covert infections by oncogenic RNA viruses.

Major Findings : It was shown that inbred mice develop cell -mediated immune
responses against antigens associated with endogenous type C oncornaviruses.
Preliminary absoprtion studies indicate that cytotoxic activity can be
removed by anti-theta cell serum and complement, but not by anti-immunoglobulin
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and complement, suggesting that the reactive population is comprised primarily
of T-lymphocytes. Mice which are expressing their endogenous ecotropic type C

oncornaviruses were shown to develop selective cell-mediated auto-immunity
analogous to that observed in mice which are cnronic carriers of Moloney
leukemia virus. The demonstration that lymphocytes from "normal" mice can
be rendered autoaggressive for syngeneic fibroblasts by in vitro exposure
to endogenous type C oncornaviruses is of particular interest in under-
standing mechanisms of autoimmunity and lymphoproliferative diseases.

Results of the above investigations have led to the study of cell -mediated
cytotoxic responses against possible oncornavirus-associated antigens in
man. Human diploid fibroblast cultures have been injected with a baboon
type C oncornavirus or a simian sarcoma virus (SSV). Normal human popula-
tions as well as patients with lymphoproliferative or connective tissue
diseases, are being tested for possible cell-mediated cytotoxic activity
against these infected human diploid cell lines. Necessary controls have
been included to assess the specificity of the cell -mediated cytotoxicity.

Syngeneic skin graft and immunosuppression by anti lymphocyte serum demonstrate
that such immunologic trauma in mice is insufficient to cause activation of
endogenous type C oncornaviruses.

Significance to Biomedical Research and the Program of the Institute : This
project contributes new information concerning immunological factors involved
in the activation of covert virus and their influence on the development of
virally-induced cancer in experimental systems. Knowledge in this area is

relevant to an understanding of autoimmune disease and of high cancer risk
in organ transplantation in humans.

Proposed Course : The present studies on the interactions of immunostimulation,
immunosuppression, and leukemia virus activation in the murine model systems
will be extended.

A major effort has been directed toward preparing for a double-blind placebo-
controlled trial of human leukocyte interferon in renal transplant recipients',
a major culmination of in vitro and murine studies on immunological activa-
tion of viruses. Protocols and Case Reporting forms have been carefully
designed and approved by the Food and Drug Administration, the Massachusetts
General Hospital and NIH Human Studies Committees, and the Massachusetts
General Pharmacy Committee. Arrangements to obtain interferon from Dr. Karl
Cantell have been completed and both interferon and placebo preparations are
being safety- tested in Belgium. Clinical aspects of the study were begun in
December. Transplant recipients have been closely monitored for the past
1 1/2 years and will be evaluated in the study both for common latent agents,
e.g., cytomegaloviruses and herpes simplex viruses, as well as for more
esoteric agents, e.g., papovaviruses and EB viruses. A search will be
conducted for primate oncornaviruses by XC cell cytopathogenicity assays,
and in collaboration with Dr. David Livingston who will culture lymphoid
cells from patients on a variety of selected target cells, looking both for
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infectious virus production and for viral antigen expression. Clinical
expression of virus infection, graft rejection, and oncogenesis will be
closely monitored during the study.

Date Contract Initiated : September 15, 1971

Current Annual Level : $143,915

MERCK AND COMPANY. INC. (NOl-CPl-2059)

Title : Research on Oncogenic and Potentially Oncogenic Viruses, Virus
Production and Vaccine Development

Contractor's Project Directors : Dr. Maurice Hilleman
Dr. Vivian Larson

Project Officer (NCI) : Dr. Michael Chirigos

Objectives : The overall objective is to determine the practical feasibility
for immunologic control of cancer in man. The specific objectives are:

(1) Project A - to develop a Herpes simplex type 2 (HSV2) subunit vaccine
suitable for prophylactic and therapeutic trials in man against lytic
disease and later against possible herpesvirus-induced cancer in man; and

(2) Project B - to evolve type C virus vaccine technology for future prepara-
tion of human leukemia vaccines by developing a safe and effective vaccine
against leukemia in the cat model system.

Major Findings : Both vaccine development programs were brought to the stage
of experimental glycoprotein vaccine production and evaluation in animals.

Project A - Herpes Simplex Type 2 Vaccine . Basic studies directed toward
practical production of suitable crude antigens and detection and isolation
of small quantities of glycoproteins from these antigens were completed.
A 3-6 month supply (3128 mg) of crude antigen was prepared. Methodology
(preparative polyacryl amide gel electrophoresis) was established and utilized
for the production of intermediate quantities of the 126,000 Mol . Wt. major
viral envelope glycoprotein (gpl26). New studies were initiated for evolving
optimum glycoprotein solubilization and isolation procedures that are suit-
able for scaleup to vaccine production levels. A lymphocyte stimulation
assay utilizing isolated human, rabbit, or guinea pig lymphocytes was
established. A lymphocyte stimulation microassay utilizing 25 yl of whole
blood is being developed for monitoring cell-mediated immune responses in
guinea pig vaccine potency tests. Potency tests were initiated in guinea
pigs with various HSV-2 antigens, including partially purified gpl26.

Project B - Feline Leukemia Vaccine . Jarrett's FeLV-1 strain (serotype A)
was selected for production of FeLV glycoprotein, and methodology was
developed for routine production of purified virus (60 mg/month). Glyco-
protein extraction (Triton XlOO) and purification (phosphocellulose chromato-
graphy) procedures were developed with the KT-FeLV strain and successfully
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applied to the FeLV-1 strain. Routine production of FeLV-1 glycoprotein was
initiated in January 1976 (1.5 mg/2 months). Infectivity studies in cats

|

with serotype A strains are in progress to selert the challenge virus for !

protection tests. The FeLV-1 strain infected both newborn and adult cats.
Additional assays were established (radioimmune precipitation) or are in ^ i

progress (Hardy's fluorescent antibody test for detecting FeLV antigens in ^k I

blood smears and a lymphocyte stimulation assay for monitoring cell-mediated ^
!

immunity in cats). Glycoprotein potency assays in guinea pigs and protective '

efficacy studies in cats were initiated during this period. .'

Significance to Biomedical Research and the Program of the Institute : If i

viruses are proven to be essential for the development of some human cancers,
j

a vaccine may effectively prevent or minimize infection or pre-sensitize the 1

host to reject antigens expressed during the earliest stages of tumor
|

development. This project was initiated to determine whether vaccines
|

acceptable for use in humans were of practical value for these purposes. I

Proposed Course : Because of the question of an etiologic role for Herpes
j

simplex virus type 2 in cervical carcinoma, as well as the clinical significance l

of HSV-2 infection in neonates and certain adults, major emphasis is being
j

given to this vaccine program (Project A) rather than the feline leukemia
virus vaccine program (Project B).

Date Contract Initiated : March 1, 1971 ^ !

Current Annual Level : $881 ,940
'

i

MICROBIOLOGICAL ASSOCIATES, INC. (NO! -CP3-3248) .

'

Title : Immunoprevention of Spontaneously Occurring Neoplasms

j

Contractor's Project Director : Dr. Robert Peters
'

Project Officer (NCI) : Dr. Gary J. Kelloff

Objectives : To examine the possibility of immunoprevention of spontaneously-
occurring tumors in laboratory mice by the use of viral and cellular vaccines.
This includes studies of the parameters involved in spontaneous neoplasia,
including incidence, progression and histological types of neoplasms in
several strains of mice. ^
Major Findings : Effort was focused on immunoprevention of spontaneous
neoplasms in animal systems that have viral and epidemiological similarities
to human neoplasia. To this end past efforts included a definition of the
ecotropic type C virus and spontaneous tumor expression in large holding
colonies of untreated aging mice chosen to serve as specific model systems.
More recently a number of immunoassays designed to measure the host's
natural immune responses to type C viruses and viral subunits were developed. ^
These assays have also allowed measurement of immune responses to type C
viruses and type C virus-containing tumor cells in mice that were inoculated

1662



with viral and virus-containing cellular vaccines. Measurement of cell-
mediated immunity is performed by a footpad test (measuring classic delayed-

type hypersensitivity), a chromium release cytotoxicity assay, and a micro-
adapted version of the lymphocyte transformation assay. Humoral immune

responses are measured by a humoral cytotoxicity assay, radio-immunoassays,

and neutralization tests. Both non-infectious viral and virus containing
cellular vaccines have been produced which evoke measurable immune responses

in the animal that result in protection against challenge with high doses

of infectious leukemogenic type C virus.

Significance to Biomedical Research and the Program of the Institute : This

contract has contributed significantly to (1) experimental findings from
which the oncogene hypothesis was formulated, (2) demonstrating the prevalence
of the type C viral genome during normal embryogenesis, and (3) to an under-
standing of the endogenous type C virus relationship with its host and its

genetic and epi genetic relationship to the host's naturally occurring
neoplasm. The current studies on immunoprevention of spontaneously-occurring
tumors are designed to answer the question whether neoplastic disease can

be prevented or treated by classical virological vaccine or cellular vaccine
techniques.

Proposed Course : Studies of the animal's immune response potential versus

aging and his endogenous type C virus expression can be expected to provide
information that will lead to the design of experiments with the optimal

potential of preventing spontaneous neoplasia in the animal. The necessary
immunoassay techniques and viral assay (infectious and antigenic) techniques

are now in hand to sort out this complex issue in natural systems and to

make these future studies feasible. Further studies of the expression of

xenotropic type C virus in the aging and neoplastic animals are being

conducted, as an agent of this type remains a primary candidate as the

etiologic agent for human neoplasia.

Date Contract Initiated : November 15, 1961

Current Annual Level : $655,000

MOUNT SINAI SCHOOL OF MEDICINE AND HOSPITAL (N01-CP4-3225)

Title : Stimulation of Immunity to Virus-Associated and Tumor-Associated
Antigens in Mouse Systems

Contractor's Project Directors : Dr. James F. Holland
Dr. J. George Bekesi

Project Officer (NCI) : Dr. Paul H. Levine

Objectives : (1) To pursue a program of chemoimmunotherapy in tumor-bearing
animals using neuraminidase-treated cells and viral inhibitors in order to

determine the best means for controlling the oncogenic virus and the tumor.

(2) To examine the viral titer and specific anti-viral immunity in animals
undergoing chemoimmunotherapy and in untreated controls.
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Major Findings : Anti -viral inhibitors were shown to augment the effect of ;

chemotherapy and immunotherapy with neuraminidase-treated cells in mice with i

spontaneous (AKR virus) leukemia. Chemotherapy and immunotherapy did not

reduce the titer of Gross virus in the treated animals but Virazole caused
I

a disappearance of the virus from the peripheral blood. Studies were
i

initiated in owl monkeys with lymphoma induced by Herpesvirus saimiri. A ^^
successful chemotherapeutic regimen was developed which controlled the ^w
tumors for a sufficient period of time to allow subsequent immunotherapy

and anti -viral therapy. In the mouse breast cancer system studies were
|

initiated with conventional therapy (surgery) and neuraminidase-treated
I

cells to obtain long-term remissions in the animals. In vitro laboratory '

assays were utilized to monitor the immune response of the animals to tumor L

associated antigens.

Significance to Biomedical Research and the Program of the Institute : There i

is suggestive evidence that in acute leukemia, breast cancer, and Burkitt's

lymphoma, late relapse may actually be disease reinduction due to persistence

of the factors initially associated with the disease. If there is a viral
'

etiology for these three tumors, it is important to obtain methods of

permanently controlling the virus while chemotherapy or immunotherapy are .

used to control the tumor itself. Successful development of treatment
j

protocols in animals with leukemia, breast cancer, and lymphoma are an t

important first step in curing these forms of human cancer. ^^ \

Proposed Course : The timing and the dose of anti-viral inhibitors will be ^W .

utilized to determine the optimal treatment program for AKR mice. In related
j

projects, some of these protocols are already being applied to human leukemia

patients. Application of immunotherapy and anti -viral therapy to the 1

Herpesvirus saimiri lymphoma system will be developed using drugs and parameters
j

of monitoring treatment comparable to those most effective in Burkitt's tumor.
|

The mouse breast cancer studies will also be pursued with an emphasis on :

improving in vitro methods of immunologic monitoring. I

\

Date Contract Initiated : August 6, 1973 }

i

Current Annual Level : $360,000 ;«

I

OHIO STATE UNIVERSITY RESEARCH FOUNDATION (NOl -CP5-3571

)

f

Title : Immunobiologic Response of the Cat to Feline Oncornavirus ^^ i

Contractor's Project Director : Dr. Richard G. 01 sen ^F
]

Project Officer (NCI) : Dr. Alfred Hell man i

Objectives : Studies concentrated on development of a regimen for inducing i

immunity to feline leukemia virus and feline oncornavirus associated tumor
j

antigens. Specific objectives are as follows: (1) to solubilize and m^
;

characterize the feline oncornavirus-associated cell membrane antigen ^^
(FOCMA); (2) to prepare purified feline leukemia virus (FeLV) envelope •

i
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glycoproteins (gp 69/71); (3) to evaluate the vaccine potential of FOCMA and

FeLV gp 69/71 for the prevention of viremia (FeLV) and tumori genesis in

specific pathogen free cats; (4) to evaluate the lymphocyte blast trans-

formation responses to defined FOCMA and FeLV gp 69/71 antigens in vaccinated

cats and cats infected with virulent feline oncornaviruses; (5) to determine

whether a chemical carcinogen, methyl nitrosourea, alters the age-related

susceptibility of cats to feline oncornavirus disease; (6) to determine

whether chemical carcinogens alter the immunobiologic responses of cats to

feline oncornaviruses; (7) to investigate further the relationship of age,

virus strain, route of infection, and other immunologic or co-carcinogemc

factors which influence the susceptibility of cats to feline oncornaviruses;

(8) to evaluate the mixed lymphocyte-tumor cell assay using sensitized feline

peripheral blood lymphocytes and inactivated feline lymphoblastoid cells to

detect tumor-associated antigen blast transformation.

Major Findings: Development of a tumor cell vaccine employing a FOCMA-

containing feline lymphoblastoid cell line (FL-74) has been pursued. A

procedure was developed for inactivating FL-74 tumor cells and the FL-84

cell-associated FeLV with heat (560C for 3 minutes) treatment. Heat-treated

cells retained the FOCMA serologic activity; moreover, 85% of these cells

remain morphologically intact. Immunization of 4- to 6-week-old kittens

with inactivated FL-74 cells resulted in resistance to Snyder-Theilen feline

sarcoma virus (FeSV) challenge in vaccinated cats as opposed to age-matched,

non-immunized controls. Using a sub-group specific (FeLV) virus neutraliza-

tion (VN) assay it was demonstrated that young kittens responded poorly to

killed feline oncornaviruses and to living feline oncornaviruses. By

contrast, older cats respond to FeSV challenge with significant VN antibody

titers. Kittens that suckled dams immunized with killed virus did have

protection from FeLV and/or FeSV challenge.

In a study designed to determine the optimum age at which to evaluate FeLV

immunoprophylaxis, age-related variation in susceptibility of cats to FeLV

infection and oncogenesis was found. Cats inoculated with virus as newborns

developed persistent viremia and developed* FeLV-related disease. Neither

FOCMA, cytotoxic, nor neutralizing antibody were detected in these cats.

Conversely, persistent viremia occurred in a minority of cats inoculated

with FeLV at 3-4 months or 1 year of age. All non-viremic cats produced

FOCMA, cytotoxic, and neutralizing antibody, seroconversion occurring

between 5 and 7 weeks post-inoculation, and none of the cats developed

disease. Control cats in contact with the viremic cats developed evidence

of horizontal exposure to FeLV. Integrating the variables of age and

susceptibility to FeLV and FeSV challenge, therefore, is critical to

designing experiments to evaluate the immunobiology and immunoprophylaxis of

feline oncornaviruses.

Characteristics of normal and transformed feline lymphoid cells were studied.

Using a combined resetting technique, it was found that 10% to 30% of normal

feline peripheral blood lymphocytes (PBL) form spontaneous erythrocyte (E)

rosettes with guinea pig red blood cells, while 30% to 50% form EAC rosettes.

Less than 1% of PBL formed both types of rosettes. Seventy to 90% of lympho-

blastoid cells from FeLV-induced thymic neoplasms formed E rosettes whereas
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less than 1% EAC forming cells were present. During the latter stages of

FeLV infection, increased numbers of E rosette-forming PBL correlated with

increased numbers of circulating lymphoblastic cells. Binding of guinea pig

erythrocytes, therefore, appears to identify thymic dependent (T) lymphocytes,

while the presence of a complement receptor is a marker of thymic independent

lymphocytes in the cat.

Significance to Biomedical Research and the Program of the Institute : The

trials to determine the effectiveness of vaccination in the cat as a pro-

tective measure against oncornavirus-indu-ced neoplasia have a two-fold

purpose. The results provide information concerning the nature of the

immune response providing the best degree of protection against infection

or ensuring disease in a genetically heterogeneous population of animals

susceptible to certain oncornaviruses. Secondly, knowledge is obtained of

the nature of the vaccine preparation providing protection to the actively

immunized subject and secondarily to newborn progeny highly susceptible to

oncogenic viruses.

evaluating the immunoprophylactic effect of combining a FOCMA and killed

virus vaccine. Moreover, soluble FOCMA (purified) and purified FeLV-gp 69/71

are being produced and will be tested for vaccine potential.

A lymphocyte blast transformation (LBT) assay for the cats has been developed.

Studies are in progress to evaluate the LBT response in cats to virus antigen

and FOCMA.

Date Contract Initiated : June 25, 1965

Current Annual Level : $208,920

RUSH-PRESBYTERIAN-ST. LUKE'S MEDICAL CENTER (NOl -CP3-3219)

Title : Studies of Tumor Viruses in Small Primates

Contractor's Project Director : Dr. Friedrich Deinhardt

Project Officer (NCI) : Dr. Raoul Benveniste

Objectives : To study selected viruses and virus-induced neoplasia in

marmosets.

Major Findings : Expression of an EBV-like virus was demonstrated in baboon

lymphoblastoid cell lines. Marmoset lymphocytes were transformed when
cocultivated with one baboon cell line. Studies to characterize autologous
B and T lymphoblastoid cell lines were begun. EBV and Herpesvirus ateles
transformed cell lines were established from lymphocytes of 2 marmosets.
Investigation of marmoset and rat cells infected with herpes simplex virus
type 2 was continued. A Gross-type murine leukemia virus and evidence for
an endogenous rat virus was found in the rat cells. Oncogenicity of
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Herpesvirus saimiri (HVS) was demonstrated in common marmosets. Marmosets
inoculated with attenuated HVS developed latent infections but no malignancies,
Transformation of marmoset lymphocytes in vitro with HVS was accomplished by
cocultivation methods. T-lymphocytes were determined to be the target cells
for HVS in both the natural host squirrel monkeys and the experimental
marmoset host. A cell-associated herpesvirus was isolated from a marmoset
salivary gland. Biological properties of the putative human leukemia virus,
HL-23V, were indistinguishable from those of the simian sarcoma virus complex
(SSV-l/SSAV-1). Characterization of SSV-1 transformed, nonproducer marmoset
cell lines was continued. Studies were initiated to refine the SSV-1
marmoset glioma model and to develop a Rous sarcoma virus brain tumor model.
Percentages of T and B lymphocytes in blood and lymphoid tissues of normal
marmosets were established.

Significance to Biomedical Research and the Program of the Institute :

Restrictions in the host range of viruses require the availability of a

primate animal for the study of viruses associated with neoplasia in humans.
The marmoset has proven to be most responsive to the oncogenic activity of
known tumor viruses. This species is particularly valuable for the study
of herpesvirus strains that induce malignant transformation. Viruses of
the herpes group are widely distributed among animal species, and infections
by a number of these agents are known to result in the development of
malignant tumors in the host. It is most important to expand our knowledge
of herpesviruses with respect to cancer in primate animals and of their
potential for oncogenicity in humans.

Proposed Course : In addition to continued maintenance of a marmoset breeding
colony for production of marmosets used in viral oncology studies, the
project will emphasize the following: (1) Determination of the biological
properties of the Epstein-Barr virus (EBV). This encompasses oncogenicity
of the B95-8 EBV strain in marmosets, characterization of the pathogenesis
produced by B95-8 virus, the effect or pre-infection of the marmoset with
different strains of EBV on disease induction by challenge with B95-8 virus,
resolution of the question of an endogenous DNA or RNA virus in the marmoset
which may result in the irregularity of response to B95-8 virus or play some
other role in combination with B95-8 virus, evaluation of transformation
capability in vitro of selected EBV strains, effect of immunosuppression by
anti lymphocyte serum on marmosets persistently infected with EBV, attenuation
of EBV by growth at 390C, and comparison of DNA homology of the B95-8 virus
with other laboratory EBV strains; and (2) delineation of the pathogenesis,
immunology and host cell-virus relationships of Herpesvirus saimiri.

Date Contract Initiated : March 15, 1962

Current Annual Level

:

$667,930
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SOUTHERN CALIFORNIA SCHOOL OF MEDICINE. UNIVERSITY OF AND CHILDREN'S HOSPITAL
OF LOS ANGELES (N01-CP5-3500)

Title : A Comprehensive Field and Laboratory Rc-search Program on the Etiology
and Epidemiology of Human Cancer

Contractor's Project Directors : Dr. Murray B. Gardner (USC)

Dr. Robert M. McAllister (Children's Hosp.)
Dr. Brian E. Henderson (USC)

Project Officer (NCI) : Dr. Robert J. Huebner

Objectives : To mount a multifaceted, highly interrelated program designed
to determine the roles of viruses, physical and chemical carcinogens, and
other factors in the etiology of human and animal cancer in a natural urban
ecology. These studies are carried out at USC School of Medicine and at the
Children's Hospital of Los Angeles.

Viral Studies: Human, animal pet and feral animal cancer and fetal materials
are under intensive study for RNA tumor virus genetic expression, utilizing
all the modern in vitro as well as in vivo test systems. Extensive field
studies and procurement efforts provide large numbers of tissues derived
from cancer patients, genetically defective individuals, and spontaneous and
therapeutic abortions. These materials are utilized for in vitro and in vivo
biological studies and are subjected to serological, immunological, biochemical
and electron micrographic analyses designed to detect, isolate and characterize
the RNA viruses and virus-specific antigens associated with naturally occurring
animal and human neoplasms.

Epidemiological Studies: This program is providing, through hospital record
surveys and community questionnaire surveys, up-to-date information of the

natural occurrence of human cancer as it may be influenced by genetic, viral,
environmental or other factors, including exposure to variable smog components
in differing ecological areas of Los Angeles County, industrial and household
carcinogens, and pets with and without cancer. Other factors such as occupa-
tion, aging, genetic defects, smoking, hormone therapy, and immunosuppressants
are being studied using classical epidemiological methods combined with
virological and serological surveillance.

Environmental Studies: This program is concerned with monitoring focal
environmental areas for levels of carcinogens and other air pollutants.
Materials collected are characterized and supplied to laboratories at USC
as well as to NCI and other VCP contract programs; e.g.. Contract N01-CP4-3240,
for studies to determine the carcinogenic activities of such pollutants in
tissue culture and in animals.

Major Findings : Abnormally high prolactin and estrogen serum levels during
adolescence seem correlated with an increased risk of breast cancer in later
life. Elevated estradiol, estrone, progesterone and prolactin levels have
been found in teen-age daughters of women with breast cancer. There is an
excellent correlation between estradiol and estrone plasma and urine levels.
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Racial-ethnic distribution of cancer in Los Angeles County have revealed
considerably more cancer of the stomach, gallbladder, liver and cervix in

the Mexican-American population, as compared to other whites in Los Angeles
County, but the former have less cancer of the mouth, colon, rectum, lung,

bladder, breast, and prostate. In the blacks there is striking increase in

esophageal cancer while Chinese show increased incidences of nasopharyngeal
cancer which is similar to that of the Chinese in southern China.

Apparently 20% of the healthy relatives of families with multiple cases of
lymphoma and leukemia have abnormalities of the cellular or humoral immune
system.

There is a causative relationship between maternal diethyl stilbestrol (DES)

therapy and genitourinary tract anomalies of male offspring. Liver adenomas
are strongly associated with oral contraceptives, particularly those containing
mestranol

.

Lymphoma-paralysis prone Lake Casitas (LC) wild mice express high-titered
ecotropic leukemia virus in many tissues soon after birth. Individual LC

mice with greatest viremia early in life are most susceptible to paralysis
occurring 10-15 months later. Natural or vaccine-inducible humoral antibody
titer (>1:10) to this virus have not been found nor is there evidence of

viral immune complex formation. These mice do, however, make a normal

humoral immune response to unrelated antigen and may show good neutralizing
titers versus the X-tropic virus (AT-124). Isolates from this colony are

N-tropic for murine cells but have an unusually wide in vitro host range
("amphotropic"). Virus expression, lymphoma and paralysis can be suppressed
by genetic means.

Endogenous ecotropic leukemia virus has been recovered from two different
strains of rat embryo cells. These viruses accelerate the malignant trans-
formation of producitvely infected rat cells. Virus-infected rat embryo
cells are susceptible to malignant transformation by chemicals, thus greatly
facilitating identification of carcinogenic chemicals. Specific phospho-
proteins have been identified as structural components of mammalian type C

viruses. Several possible functions are being investigated.

Healthy domestic cats are capable of making a humoral immune response
detectable by radioimmunoassay (RIA) following natural or experimental
exposure to purified feline leukemia virus (FeLV) p30 antigen and this is

distinct from feline oncornavirus cell membrane antigen (FOCMA) antibody.
Cats with lymphoma have no RIA-detectable FeLV p30 antibodies.

Complement fixation and RIA assays of primary and cultured human tissues or
sera for mammalian type C virus p30 antigen or antibody and assays for
complete human virus have been negative.

The structure, subunit composition, and molecular weights of RD-n4, baboon,
and woolly monkey viral RNA's have been determined.

Transfection experiments have included determination of the initial infectivity
rate, the quantitative end-point and infectious minimum molecular size of
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RD-n4 DNA, infectivity of CCC viral DNA and transfection of cells nonpermis-
sive for RD-114 virus.

Tumor cells from two sarcomas and two lymphomas have been characterized.
TE 85 osteosarcoma cells have discordant relationship between colony forma-
tion, fibrinolytic activity, and tumorigenicity in hamsters.

Significance to Biomedical Research and the Program of the Institute : This
program searches for causes of human, pet and other animal cancers in a

natural ecology, utilizing (1) experimental animal systems, (2) basic viral

and chemical carcinogenesis studies, and (3) epidemiological profiles of
cancer incidence in Los Angeles area humans and animals in relation to

exposure to environmental carcinogens.

Proposed Course : Continuation of (1) efforts to rescue a human candidate
type C virus and eventual development of vaccines for trials in cancer
patients, (2) studies of the type C virus isolated from a feral house mouse
which is responsible for naturally-occurring early lymphoma incidence and
amyotrophic lateral sclerosis-like paralysis in the colony under study and
in other mice as well under experimental conditions, (3) epidemiological
studies of factors influencing cancer incidence and type, (4) characteriza-
tion of air pollutants, and (5) procurement, growth and distribution of
human and animal materials to collaborating groups within the Viral Oncology
Program.

Date Contract Initiated : June 26, 1968

Current Annual Level : $2,464,500

STANFORD UNIVERSITY (NOl -CP4-3228)

Title : Virologic, Biologic and Immunologic Characterization of Hodgkin's
Disease and other Human Malignant Lymphomas

Contractor's Project Director : Dr. Henry Kaplan

Project Officer (NCI) : Dr. Robert J. Huebner

Objectives : (1) Collection of Hodgkin's disease (HD) tissue and serological
samples for study. (2) Cultivation of human lymphoma tissue in vitro .

(3) Biological characterization of the established cell lines and clones
derived from them, (4) "Rescue" and characterization of viral isolates from
the established lymphocytic lines. (5) Immunological characterization of
the cells in relation to the host in terms of autoimmune responses.

Major Findings : Several additional cell lines have been established in vitro ,

including three new histiocytic lymphomas (DHL-7, DHL-8, and DHL-9).

Multinucleate Reed-Sternberg and mononucleate HD cells have been successfully
recovered from the involved tissues of patients with HD. Conditions for the
preservation of their viability during the purification steps prior to
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in vitro cultivation have been worked out, and viable cells have been
morphologically identified in short-term cultures in vitro and in diffusion
chambers

.

Two North American Burkitt's lymphoma cell lines have been established
in vitro , one of which proved to be negative for the presence of the Epstein-
Barr virus (EBV) genome by the EB nuclear antigen (EBNA) test, resistant to
superinfection by EBV, and noninducible with iododeoxyuridine; the other
cell line was EBV-positive by the EBNA test, readily superinfectable, and
readily inducible.

Oncornavirus like reverse transcriptase activity has been detected in

particulate material with a density of 1.16 g/ml in postmitochondrial
fractions of nonproducer SU-DHL-1 line of histiocytic lymphoma cells. The
enzyme has been partially purified and characterized.

Two nonproducer human cell lines bearing defective murine sarcoma virus
genomes have been obtained from Drs. J. Rhim and P. Peebles and successfully
established in the laboratory for co-cultivation studies with the SU-DHL-1
cell line.

Transplants of elevan primary lymphomas and six derived cell lines yielded a
high take rate (90%) and a low mean latent period fS-'i days) after intra-
cranial heterotransplantation in the nude, athymic mouse.-^^

Preparation of heterologous antibodies against antigens in lymph-oina tissues
and cell lines has continued. An antigen isolated by acid elution dnd "

acrylimide gel fractionation of HD spleen extracts was used to prepare
antiserum in rabbits, which, after appropriate absorption, detects monocytic
cells in the peripheral blood and a discrete subpopulation of apparently
histiocytic cells in acetone-fixed tissue sections of involved lymph nodes
from spleens of patients with HD.

An improved test, using rabbit Fc or whole IgG followed by goat anti rabbit
fluorescenated anti sera, has been developed for detecting the Fc receptor
on human B lymphocytes and monocytes.

Studies of the mechanism of impairment of cell-mediated immune responses in

patients with HD have demonstrated that the E-rosette response is impaired
in untreated patients, that this impairment can be reversed by incubation of
peripheral blood lymphocytes with fetal sera, and that HD patients with low
rosette responses have a serum factor which binds selectively to peripheral
blood lymphocytes of other patients with HD, but not to lymphocytes from
normal donors, patients with other lymphomas and patients with other types
of cancer. Treated HD patients have a significant depletion of T cells and
an increased percentage of "null" cells in their peripheral blood. Spleen
extracts from patients with HD, unlike those from normal donors, contain an
immunosuppressive factor capable of significantly reducing the E-rosette
response of normal peripheral blood lymphocytes.
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In collaboration with Drs. F. Hect and B. K. McCaw, Department of Pediatrics
(Genetics), University of Oregon Center for the Health Sciences, a specific
translocation on chromosome-14 has been detected in cells of two North
American Burkitt's lymphoma lines.

Significance to Biomedical Research and the Program of the Institute : This
project will provide a source of HD and other human tumor materials for
cultivation and for virus isolations. If antigens specific for the HD cells
(Reed-Sternberg) can be detected, this would have major implication not only
for etiology but also for diagnosi<^. for the detection of persistent or
recurrent foci of disease, and perhaps even for the immunotherapy of HD.

Proposed Course : (1) Previous work under this research contract has led to
the development of highly successful techniques for the in vitro cultivation
of several types of human malignant lymphomas and the establishement of
permanent cell lines and clones of such lines for other types of laboratory
investigations. It is planned to extend these techniques to the cultivation
of certain types of lymphomas which have not yet been successfully established,
such as HD, and to increase the number and diversity of lymphoma cell lines
of those types with which some degree of success has already been obtained.
(2) As indicated above, there has been recent success in working out the
preliminary steps for the isolation of the HD cells and Reed-Sternberg cells,
for preserving their viability, and for establishing short-term culture
conditions under which their sustained viability and apparent slow pro-
liferation has already been observed. It is, therefore, considered \jery

likely that the coming year will bring definitive success in the cultivation
and establishment in vitro of tumor cell lines from patients with HD for the
first time. It will of course be essential to demonstrate conclusively, by
such techniques as chromosome analysis and proof of aneuploidy, Feulgen
microspectrophotometry to provide proof of aneuploid DNA content, and
possibly successful heterotransplantation in the nude mouse, that the
neoplastic cell population has indeed been selected under the culture
conditions employed. Once this has been accomplished, it will be possible
to initiate studies of the nature of these long-mysterious cells, and their
immunological and virological characterization can also be undertaken.
(3) Efforts will be made to adapt the soft agar cloning technique for the
cultivation of human lymphoma cells to replica plating of the same clones
under different test conditions, thus making possible quantitative studies
of the responses of these tumor cells to ionizing radiation, to various
cancer chemotherapeutic agents, and to a variety of immunological procedures.
(4) Intensification of effort to characterize reverse transcriptase activity,
and an attempt to demonstrate unequivocal biologic activity of the presumptive
defective type C virus in the cell line through the demonstration of its
helper function for cell lines bearing defective sarcoma virus genomes.
(5) Continuation of the preparation of heterologous antibody against an
increasing spectrum of established human lymphoma cell lines, similar to the
antibody successfully prepared against the Sj-DHL-l histiocytic lymphoma
line. Such heterologous antibodies must be rigorously and exhaustively
absorbed against human determinants of unrelated character, and the final
absoprtions must be carried out against autologous normal tissues such as
fibroblasts.
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Date Contract Initiated : April 1, 1974

Current Annual Level : $399,445

TENNESSEE. UNIVERSITY OF (N01-CP4-3325)

Title : Immunological Studies on the Relationship of Embryonic Antigens to
Virus-Induced Tumor Antigpns

Contractor's Project Director : Dr. Joseph H. Coggin

Project Officers (NCI) : Dr. Phyllis Brandchaft
Dr. Tadao Aoki

Objectives : The major objective of this contract is to apply immunological
approaches to determine the relationship between virus-coded, tumor-specific
transplantation antigens (TSTA) on the surface of cells transformed by
oncodnavi ruses and other transplantation antigens such as embryonic antigens
coded by the cellular genome.

Major Findings : This study is designed to investigate the problem of
distinguishing between virus-coded, tumor-specific transplantation antigens
(TSTA) on the surface of tumor cells transformed by oncodnavi ruses and other
transplantation rejection antigens coded for by the cellular genome. One
approach involves the use of cytotoxic, allogeneic sera prepared in goats
against mid-gestation hamster fetal cells which areknown to be positive for
the expression of embryonic antigen (EA"*"). Absorption of the cytotoxic sera
with term fetal cells removed non-specific cytotoxic activity against all

hamster antigens which were non-EA'^. Potent selected sera against hamster
EA have been made and have the desired selective cytotoxic potential sought.
The characterization involved screening against EA+ and EA" fetal cells and
SV40 and adenovirus-induced tumor cells which were known to be EA"*" and to
carry an apparent TSTA as well. A "mutant" EA- tumor cell clone was derived
from lO^'^ SV40 transformed EA"^ TSTA+ cells tested as targets of anti-EA
serum in cloning studies. Clearly, the ability to obtain an EA" SV40 tumor
cell line is a yery rare event. In the process of "plating" hamster cells
on acryl amide gels, it was found that 8-10 day embryo cells "took" while
11-14 day cells did not plate and clone. This may prove to be a selection
tool for obtaining EA"*" tumor cells.

Soluble antigens were extracted from both SV40 tumor cells and 10 day embryo
cells. The preparations were immunogenic and capable of stimulating effector
T cells when given as a single standardized dose. Both soluble and cell-
bound antigen preparations derived from tumor and fetal tissues are being
examined for their concurrent reactivity against fetal cells in a fetal
colony (embryoma) focus formation assay (FC FU). It was shown that passive
transfer of serum and cells results in diminished embryoma formation.

Attempts are underway to isolate the agent responsible for the three hamster
lymphoma epidemics encountered in this laboratory since 1972. Immune response
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to the agent and tumor associated neoantigens are being characterized. The
epidemiology of the agent and its relation to laboratory workers is being
extensively studied. Attempts to demonstrate the absence or presence of EA
on lymphomas appearing in the epidemic are being conducted in collaboration
with investigators at the NCI.

Sarcomas, leukemias, and lymphomas occur when SV40 in high titer is injected
intravenously into adult hamsters. Embryonic antigens from hamster fetus
are being used to attempt to prevent these multiple naoplasms that occur in
hamsters infected intravenously with SV40.

Significance to Biomedical Research and the Program of the Institute : The
hypothesis that derepressed host genes are responsible for oncogenesis is
being actively studied by several groups in cancer-related programs. The
relationship between fetal antigens and viral-induced antigens is an important
issue in relation to the etiology question as well as to programs concerned
with prevention and control of virus-associated cancers. To better under-
stand the mechanism of neoplastic transformation, it is essential to develop
the tools to distinguish between host gene reexpression and new viral gene
products.

Proposed Course : (1) Continue to attempt to select embryonic antigen (EA)-
TSTA"^ variants from EA"*" TSTA+ clones using the cytotoxic serum containing
antibodies to EA; (2) determine if the single clone of EA" cells recovered
to date has retained TSTA for SV40, is stable as an EA" mutant or has
oncogenic properties; (3) characterize soluble antigens biochemically and
immunochemical ly in collaboration with Drs. Hannon (CDC) and Candler (ORNL);
(4) continue to test both soluble and cell-bound antigen preparations
derived from tumor and fetal tissue for concurrent reactivity against fetal
cells in the fetal colony focus assay (FCFU test).

Date Contract Initiated : June 28, 1974

Current Annual Level : $169,186

TULANE UNIVERSITY. DELTA REGIONAL PRIMATE RESEARCH CENTER (NOl -CP3-3396)

Title : Role of Humoral and Cellular Immunity in Determining the Outcome of
Herpesvirus saimiri Infections in Squirrel Monkeys

Contractor's Project Director : Dr. S. R. S. Rangan

Project Officer (NCI) : Dr. Dharam Ablashi

Objectives : To investigate the role that immunological factors may play in
infections of Herpesvirus saimiri (HVS) in the squirrel monkey ( Saimiri
sciureus ), its natural host. Specifically, the aims are: (1) to continue
hand-rearing of HVS-free squirrel monkeys born in 1973 for eventual breeding
stock; (2) to hand-rear some infants born in 1974 for purposes of breeding
and others for experimental infection with HVS; (3) to determine the presence
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or absence of HVS antibodies, latent virus or viral genome in tissues of

neonatal squirrel monkeys derived by natural birth or caesarian section

from HVS-infected mothers; (4) to initiate studies on the effects of immuno-

suppressive agents on the outcome of HVS infection and the immune response

in squirrel monkeys previously unexposed to the virus; (5) to characterize

. the primary antibody response to HVS in infant and juvenile squirrel monkeys

I
experimentally inoculated with the virus.

Major Findings : Progress continues on establishment of an HVS seronegative

breeding colony. Seronegative animals have been immunosuppressed before

virus infection but no tumors have yet resulted. An important finding,

however, was that infectious virus could be isolated from immunosuppressed

monkeys but not normal ones. Paradoxically, virus was isolated from the

peripheral blood lymphocytes of the control animals but not the immuno-

suppressed monkeys.

Significance to Biomedical Research and the Program of the Institute : The

suggestion that viruses may induce neoplastic disease in man has loomed as

one of the foremost biomedical research challenges in recent years. A major

component of the evidence supporting this suggestion is represented by the

association of Epstein-Barr virus (EBV) to Burkitt's lymphoma and other

human lymphoprol iferative diseases. There are several well -documented
similarities between the natural history of EBV in man and HVS in squirrel

^ monkeys. A most pressing question on the relationship of EBV and human

P cancer is the role played by the immune response. The squirrel monkey
infected with HVS promises to provide an excellent model system to investigate

many parameters of the immune response at both the humoral and cellular

levels. The inability of EBV to elicit oncogenesis in most human beings,

and a similar lack of tumorigenesis in squirrel monkeys infected with HVS,

strongly suggests the need for a detailed investigation of immune mechanisms

in both species. Many of these studies can only be done in a laboratory

host system. The results could lead to greater insight into the relation-

ship of viruses and human cancer.

Proposed Course : A major effort will continue to be placed on development

of the HVS negative squirrel monkey colony. Research projects will center

around the humoral and cell-mediated immune response to HVS antigens in

newly infected monkeys of all ages, both immunosuppressed and controls.

Virus isolation studies will also continue in these groups.

Date Contract Initiated : June 29, 1973

H Current Annual Level : $82,500

i
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b. SUMMARY REPORT

(3) DNA VIRUS STUDIES SECTION

July 1, 1975 through June 30, 1976

The principal objective of the DNA Virus Studies Section is the determination
of the putative etiological relationships of DNA viruses to human malignancy.
Studies leading to this objective are carried out through research contracts
managed by the DNA Virus Studies Section. The program of the Section on

potentially oncogenic DNA viruses may be divided into two major categories:
(1) studies of DMA virus relationships to human disease; and (2) studies in

animal model systems. The first category may be subdivided into three parts,
each identified with specific viruses. Thus, this category deals with, first,
the Epstein-Barr virus (EBV), second, herpes simplex virus (HSV), and, third,
small DNA viruses, as papovaviruses and adenoviruses. The second category
includes studies of herpesviruses in nonhuman primates and in lower verte-
brates.

EBV Studies

In studies of the D-early antigen (D-EA) of EBV, two sensitive assay techniques
viere developed: a passive hemagglutination assay for detection of antibodies
to D-EA, and a hemagglutination inhibition test for the antigen itself. The
methods contribute significantly in purification and characterization of D-EA
and in following its biological activity in the host.

EBV-carrying cell lines were found to contain both integrated and non-
integrated EBV-DNA. In contrast to the linear DNA of the virus particles,
the non-integrated, intracellular DNA was found to have a circular conforma-
tion. The same type of circular EBV DNA was found in Burkitt lymphoma (BL)

biopsies and in EBV-carrying nasopharyngeal carcinoma (NPC) cells propagated
in nude mice. DNA of the nontransforming virus from the P3HR-1 cell line and

the transforming B95-8 virus strain were compared by analysis of restriction
fragments and were found to share 92-94 per cent of their sequences. Results
of studies on the effect of phosphonoacetic acid suggest that EBV viral capsid
antigen (VCA) is specifically dependent on viral DNA synthesis, that EBV has

a DNA polymerase homologous to other herpesviruses, and that replication of
the viral genomes in nonproducer lines is under control of the cellular rather
than the viral DNA polymerase. Following studies of EA and VCA synthesis, it

became clear that the EBV replicative cycle is under the influence of multiple
regulatory mechanisms in the human lymphoid cell. In studies of EBV antigens
present in nonproducer lines, it was shown that the EBV-determined nuclear
antigen (EBNA) is a true nonhistone chromatin protein and is not simply
adsorbed to chromatin during isolation. EBV-EA may contain five different
entities with molecular weights ranging from 15,000 to 130,000. Column
fractionation studies suggest that some EA components are glycoprotein. EBV
membrane antigen (MA) synthesis was shown for the first time to be an early
function of the viral genome, occurring before both viral DNA synthesis and
appearance of EA. "Discordant" sera from BL and NPC patients were shown to ,

contain soluble MA-anti-MA complexes and excess free MA. Further study
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suggested that the anti-MA antibodies of the "discordant" sera were bound to

cell-derived antigenic material. The immune complexes showed peaks localized

between the 75 and 19S regions. Chromosomal studies suggested that BL devel-

opment results from the combined action of EBV, in EBV positive lymphoma, or

other viral agents in EBV negative lymphoma, and specific cytogenetic changes
that often affect chromosome 14 by translocation of a piece of chromosome 8.

Not all of the viral DNA sequences found in EBV-carrying P3J HR-1 cells are

present in NPC specimens obtained from Singapore, Tunisia, Taiwan, and Kenya, or

from patients with acute infectious mononucleosis, or from other EBV-

transformed cell lines; from 10 to 40 percent of the genome may be missing.
The data suggest that either the episomal EBV DNA in these instances is

defective or that heterologous viral DNA sequences, not recognized by the

probe, are present in addition to the homologous EBV DNA sequences. Restric-
tion endonuclease studies showed that EBV-superinfected Raji cells contained
22 fragments identical in size to the 22 fragments found in purified virion
DNA and an additional 11 fragments not found in virion DNA.

Studies of the expression of EBV early antigens in lUDR-treated epithelial
NPC cell explant cultures suggested that the epithelial cells of at least
some NPC possess the receptor for EBV and that the latent virus genome can
be induced from epithelial cells prepared from such tumors.

HSV Studies

RNA polymerase II of the host cell was shown to be responsible for the
transcription of HSV DNA. Replicative intermediates of HSV DNA were charac-

terized in gaining information on the mode and sequence of semi-conservative
replication of HSV DNA and its ability to recombine with cellular or viral

DNA.

Three classes of rodent cell lines transformed by HSV were established:
Class 1 consists of cells containing a fragment of the HSV genome which remains

constant in size and number of copies per cell; Class 2 cells maintain the
DNA fragment which decreases in size with cell culture passage; and Class 3

cells have a constant size fragment which is lost after repeated cell passages
in culture. The block in replication of either HSV-1 or HSV-2 in non-

permissive XC cells occurs before the onset of DNA synthesis.

A quantitative selection assay for characterizing the biological properties
of HSV was developed using thymidine kinase-deficient, random-bred Swiss
mouse 3T3 cells infected with UV-irradiated HSV.

Sera of patients with cervical cancer revealed preferential reactivity to the
type-common polypeptides in the VP134 polypeptide region of early antigen
preparations in contrast to matched controls. However, only HSV-2, but not
HSV-1, late antigen preparations of VP154 and VP123 polypeptides reacted
preferentially with patients' sera. Fifty-four of 60 new genital isolates
were typed as HSV-2 and six as HSV-1 using type-specific antiserum to VP175
in an indirect immunofluorescence test.
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Continuing studies of AG-4, and early HSV-2 capsid protein, indicate that it

is type-specific and has substantial immunodiagnostic potential for prognosis

and, possibly, determination of risk of tumor development.

A model for HSV-induced lymphocyte transformation is being developed in the
rabbit so that the role of cellular immunity in HSV infections may be clari-
fied. Cell -mediated immunity assays specific for HSV-2 continue to be

developed in order to determine the role of host factors in relation to HSV-Z
in cervical carcinoma patients.

Small DNA Viruses

Eight to 11 early proteins induced by adenovirus 2 were shown to be involved
in cell transformation, viral DNA replication, regulation of viral gene
expression, and possibly the block in host cell DNA synthesis. Two discrete
species of mRNA, 22S and 14S, were isolated after hybridization of RNA from
adenovirus 2-transformed rat cells with transforming DNA fragments. Study
of these mRNAs indicate that cytoplasmic processing may be essential in

translation of transforming viral mRNA species. Highly sensitive probes for
adenovirus 12 transforming genes were used to analyze a large number of human
tumors; these studies virtually rule out adenovirus 12 as an etiological
agent of human gastrointestinal and lung cancer. The transforming genes of
groups A, B, and C oncogenic adenoviruses were shown to differ completely.

Biochemical analysis of the peptides of polyoma virus from transformed cells
and wild-type virus showed significant differences suggesting host-induced
modifications in virus from transformed cells.

The host range mutant, NG-18, of polyoma virus was shown not to transform
mouse embryo cells following UV-irradiation of the virus; this supports the
concept that passive cell -mediated complementation occurs only for productive
infection by NG-18.

Five different isolates of BK virus from the urine of renal transplant
patients were found to be similar and only marginally related to SV40.
Characterization of the isolates indicated that the BK group represents a

single ubiquitous human papovavirus rather than a family of related viruses.

Surveillance of tissue from progressive multifocal leukoencephalopathy and
human brain tumors resulted in identification of JC papovavirus in two human
brains and the probable presence of T antigen in cells grown from two brain
tumors.

A project has recently been initiated to study the antigenic properties of
human wart viruses and their relationships to benign or malignant tumors.

Herpesviruses in Nonhuman Primates and Lower Vertebrates

In a study to determine the oncogenic potential of HSV-2 in the Cebus monkey
following repeated genital infection, 16 of the 223 females receiving virus
have demonstrated persistent cytological changes of mild atypia to marked
dysplasia; none of 80 control females show any persistent cellular changes.
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In the Herpesvirus saimiri (HVS)-owl monkey system, evidence was obtained for

the presence of an anti-lymphocyte factor in the plasma of diseased animals,

but not in healthy animals. The rise in antibody to wery high titers is

concurrent with the decrease in T-cell function.

HVS- infected human cells maintained for over a year were not transformed,

but virus, capable of inducing lymphoma in marmosets, could be recovered by

cell fusion techniques. Infant rabbits are more susceptible than adults to

induction of leukemia by HVS. Although contact transmission of HVS was

demonstrated between squirrel and owl monkeys, horizontal infection between

rabbits has not been observed.

In studies of Marek's disease, it was observed that, although enhanced
mortality occurred following combined inoculation of SPF chickens with Marek's
disease herpesvirus (MDHV) and RAV-2, the incidence of overt tumors was lower
in chickens with the combined inoculum than in chickens inoculated with MDHV

alone. This observation may be analogous to interference of MDHV replication
in feather follicle epithelium by RAV-1 or RAV-2. A non-producer lymphoid

cell line, MKT-1, containing 20-25 MDHV genome equivalents per cell, was

initiated from a kidney tumor in an SPF chicken inoculated with ALV-free MDHV.

This line is particularly valuable for viral enhancement and interference
studies in vitro and may be very useful for development of a model system
for the study of immunological approaches to tumor therapy.
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DNA VIRUS STUDIES SECTION

Dr. Maurice L. Guss, Acting Head

BAYLOR COLLEGE OF MEDICINE (N01-CP5-3526)

Title : Studies on Viruses as Related to Cancer

Contractor's Project Director : Dr. Joseph L. Mel nick

Project Officer (NCI) : Dr. Berge Hampar

Objectives : To determine the relationship of viruses to selected neoplasias
and their significance in the neoplastic process.

Major Findings : Studies of the relationship between herpes simplex virus
(HSV) and cervical cancer were continued using the radioimmune precipitation-
polyacryl amide gel electrophoresis (RIP-PAGE) test with ^s^.^ethionine-
labeled herpes simplex virus types 1 and 2 (HSV-1 and HSV-2) polypeptides.
Sera of patients with cervical cancer had preferential reactivity to the
virus type-common polypeptides in the 134,000 molecular weight virus poly-
peptide (VP134) region of early antigen preparations as compared to sera
from pair-matched breast cancer patients. A similar difference in
reactivity was detected with the major capsid (VP154) and envelope (VP123)
polypeptides in late antigen preparations of HSV-2 but not with those in

the equivalent HSV-1 preparations.

Nine cell lines originated from human cervical cancer tissues were examined
for membrane fucolipid anomalies and for malignant growth in nude mice. To
date, tumors grew out only in animals inoculated with cells from two of the
lines possessing atypical fucolipid patterns. The lines are being examined
for HSV functional information.

Further attempts were made to transform human and hamster cells with in-

activated HSV, with temperature-sensitive (ts) mutants of HSV, with defec-
tive HSV particles, and with viral DNA fragments. Colony formation in soft
agar has been used for the selection of transformed cells. Eight potentially
transformed cell clones are being examined for malignant characteristics and
for HSV functional information. Antiserum to HSV polypeptide VP134 continued
to be the reagent of choice for the detection of antigens in malignant HSV
transformed cells; in preliminary tests, antisera to VP175 and VP123 have
given positive reactions with several of the lines.

A radioimmunoassay, using purified type-specific HSV polypeptides, is being
developed for the detection of type-specific antibodies in human sera.
Antiserum to a purified polypeptide (VP175) of HSV-1 was found to be type-
specific in an indirect immunofluorescence test. This antiserum proved to
be a reliable typing reagent for identifying laboratory strains of HSV-1
and HSV-2 and also for identifying fresh isolates. Ninety percent of 60
new genital HSV isolates were typed as HSV-2 and 10% as HSV-1. Antisera
to the major envelope polypeptides of HSV-1 and HSV-2 were found to be type-

specific in neutralization tests.

1680



B Significance to Biomedical Research and the Program of the Institute :

Serological and sero-epidemiological data obtained by controlled studies on

patients with squamous cell carcinomas suggest that genital and oral strains
of herpes simplex virus may be factors in the genesis of these malignancies.

.

Intensive study of the biochemical, genetic, and immunological aspects of
the herpesviruses associated with these neoplasms provides information

1^
contributing to a determination of the role of these herpesviruses in the

p development of squamous cell carcinomas in humans.

Proposed Course : To investigate the possibility of causal relationships of
herpesviruses types 1 and 2 to human carcinomas, the following objectives
are being emphasized by the contractor: (a) detection of herpesvirus gene
functions in human carcinomas by complementation and marker rescue studies;
(b) search for virus-specific antibodies and antigens in human tissues with
purified specific virion and nonvirion antigens of herpesviruses; and

(c) insights into cell transformation and genetics by temperature-sensitive
and UV mutants of herpesviruses.

Dcite Contract Initiated : June 27, 1963

Current Annual Level : $445,000

CALIFORNIA, UNIVERSITY OF, IRVINE (N01-CP5-3560)

m Title : Relationship of Herpes Simplex Virus Type 2 to Human Urogenital
Cancer

Contractor's Project Director : Dr. David T. Kingsbury

Project Officer (NCI) : Dr. George Vande Woude

Objectives : To obtain, by biochemical methods, knowledge of the virus-cell
relationship established in transformations induced in experimental systems
and to apply sensitive nucleic acid hybridization methods to probe for the
presence of specific HSV-2 nucleic acid in cervical and prostatic carcino-
mas.

Major Findings : A series of tissue culture lines transformed by herpes
simplex virus, types 1 and 2, have been examined for the continued presence
of viral DMA. These lines fell into three classes with respect to the
maintenance of the viral DNA. Class 1 is represented by the biochemical

Ptransformants derived by Munyon and his colleagues. These cells have a

) stable fragment of the HSV genome which remains constant in size and in the
number of copies of the fragment per cell. Class 2 cells are represented
by morphologically transformed mouse cell lines which maintain viral genetic
information for many passages but in which the size of the virus fragment
retained changes with continued serial passage. Class 3 cells are repre-
sented by two lines of morphologically transformed hamster cells which
appear to have a stable size viral fragment which is lost with repeated

^, passage.
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A study of DNA of 12 HSV strains has shown that within each serological type
there is less than 5% variation in nucleotide sequence. The true homology
between the two types is on the order of 20%.

Careful examination of the replication of both HSV-1 and HSV-2 in non-
permissive XC rat cells showed that the block in replication, for both
types, occurs prior to the onset of DNA synthesis. Virus-specific RNA can

be detected in infected XC cells as early as one hour after infection, but
DNA synthesis does not occur even in the presence of the virus-induced DNA
polymerase.

Significance to Biomedical Research and the Program of the Institute :

Sero-epidemiological studies have shown an association between HSV-2
infection and human cervical carcinoma. To further define the role, if any,
of this virus in oncogenesis, these studies are to determine whether HSV-2
genetic information can be demonstrated within cervical tumor cells and,
further, to develop a better understanding of the nature of the interaction
between the virus and cells which leads to their transformation experi-
mentally.

Proposed Course : Continue studies, by molecular biology, on herpesvirus DNA
in relation to neoplastic transformation of human and animal cells.

Date Contract Initiated : May 16, 1975

Current Annual Level : $96,610

EMORY UNIVERSITY (N01-CP4-3393)

Title : Cellular Immunity Studies to Herpes Simplex Virus-Associated
Antigens in Cancer Patients and Controls

Contractor's Project Director : Dr. Andre Nahmias

Project Officer (NCI) : Dr. Steven R. Tronick

Objectives : The major objectives of this contract are: (1) to provide the
necessary immunological infrastructure required to evaluate any prospective
HSV vaccine for human use; (2) to obtain evidence corroborating the
hypothesis that HSV-2 plays an etiological role in human cervical neoplasia;
and (3) to provide a better understanding of the host factors involved in

primary and secondary HSV infection.

Major Findings : Preliminary observations on cellular immune reactivity
suggested that the serum from cervical cancer patients contains a factor
which suppresses the response of lymphocytes to mitogens. The major
effector cell in antibody-dependent cell -mediated cytotoxicity (ADCC) was
further characterized as a K cell, and it was found that granulocytes can
mediate this response. However, attempts to demonstrate ADCC against
cultured cervical cancer cells were not successful. Similarly, serum from
cervical cancer patients was not cytotoxic to human cervical cancer cells

«
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in the presence of complement, but some activity was detected against cells
from HSV-associated hamster tumors. Previous fluorescent antibody studies
demonstrating HSV-associated antigens on the surface of cultured human
cervical cancer cells were confirmed by the irmiune adherence test. ADCC is
being used to detect HSV antibodies which may be bound to human cervical
cancer cells. Cervical cancer patients have a significant depression in E

rosette-forming lymphocytes. In contrast, the proportion of "active" T
cells, detected by a short incubation period, appears to be increased.

Significance to Biomedical Research and the Program of the Institute : Most
of the evidence supporting an association between HSV-2 virus and cervical
carcinoma has come from epidemiological and immunological studies. The
Immunological studies have concentrated on detecting antibodies in the sera
of cancer patients and controls directed against a variety of viral antigens.
Comparatively little effort has been directed at examining the cellular
immune response of cancer patients and controls to these antigens. The
demonstration of a cell -mediated response to HSV-2 in patients with cervical
carcinoma can add further support for the link between the herpesvirus and
cancer. The use of current or newly developed cellular immunity assays to
test the patients' response to a variety of characterized viral antigens,
and the correlation of the data so obtained to serological assays, to the
clinical status of the patients, and to the pathology of the lesion, will
provide an understanding of the host factors involved in HSV-2 infection
and cervical cancer. This information may be crucial in providing diagnos-
tic and therapeutic aids in patients with cervical carcinoma.

Proposed Course : Continue development and application of cell -mediated
inmunity assays specific for HSV-2 as part of the effort to determine the
role of HSV-2 in cervical carcinoma.

Date Contract Initiated : June 28, 1974

Current Annual Level : $172,624 (for 18 months)

EMORY UNIVERSITY (N01-NS2-2301

)

Ti tl

e

: Oncogenic Potential of Herpesvirus in Monkeys

Contractor's Project Director : Dr. Andre Nahmias

Project Officers (NCI) : Mr. J. T. Lewin
(NINCDS): Dr. John L. Sever

Objectives : To conduct cytologic and immunologic assessment of the response
of Cebus monkeys to repeated genital infections by herpes simplex virus
type 2 (HSV-2).

Major Findings : This project constitutes one part of a collaborative study
with the National Institute of Neurological and Communicative Disorders
and Stroke to determine the oncogenic potential of herpes simplex virus
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type 2 in an experimental non-human primate. Animals on this project cire |B
held at Meloy Laboratories under contract N01-NS2-2306. Virological,
cytological and serological studies have been performed on 223 female Cebus
monkeys receiving virus inoculations, 75 females receiving control inocu-
lations, 10 females receiving salicylic acid as a control irritant and in

143 male contacts. Cytological changes of mild atypia to marked dysplasia
were persistent in 16 female monkeys which had been virus inoculated and ii^r
one of the salicylic acid-treated animals, but in none of the other contro^^
animals. One hundred seventy-four colposcopic evaluations were performed
on the female Cebus monkeys. The results of the colposcopic studies in

monkeys since initiation in 1973 have been reviewed and indicate:
(a) colposcopy and cytology concur in 84% of cases; (b) a 2/3 consistency of
repeat colposcopic examinations has been observed. Histological examinations
of 10 cervices of Cebus monkeys which served as controls were negative,
whereas two of the virus-inoculated animals demonstrated moderate atypia.

Significance to Biomedical Research and the Program of the Institute : This
project uses a non-human primate to provide data to help establish the
nature of the apparent association of herpes simplex virus type 2 and human
cervical carcinoma.

Proposed Course : This project is expected to continue for at least two more
years.

Date Contract Initiated : March 1, 1972 ^
Current Annual Level : $61 ,932

HARVARD UNIVERSITY (N01-CP4-3299)

Title : Investigation of Cellular, Exogenous and Endogenous RNA Viral Factors
in Replication and Transformation by Polyoma Virus

Contractor's Project Director : Dr. Thomas L. Benjamin

Project Officer (NCI) : Dr. Robert Goldberg

Objectives : Investigate the relationship between cells transformed by DNA
and RNA tumor viruses, specifically to test the ability of various cell
lines, transformed or infected by various DNA or RNA tumor viruses, to
complement the growth defect of the polyoma virus mutant, NG-18.

Major Findings : Selections of virus mutants from two plaques on mouse embi^^
cells were made. A total of five "candidate" host range mutants were ob-
tained. Each forms plaques on normal mouse embryo cells but not on cells
of the normal 3T3 line. Their transforming abilities and other physiological
properties are being tested. Primary mouse and rat embryo cells were
infected by wild type and mutant (NG-18) polyoma virus, and infected cells
were subcultured under a variety of conditions to select for cell trans-
formants. When mouse embryo cells were used, the virus was first UV-
irradiated and the cells were maintained in the presence of anti-viral
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antibody and receptor-destroying enzyme to optimize the chances for recover-
ing transformed cells. The results to date indicate cell transformation
only by wild-type virus and not by NG-18 polyoma virus, supporting the
notion that passive cell -mediated complementation occurs only when there is

productive infection by NG-18.

Significance to Biomedical Research and the Program of the Institute : The
study deals with an extension and confirmation of earlier observations which
suggested that similar cellular functions were expressed following trans-
formation of cells by either RNA or DNA viruses. This is important since it

may help to define the intracellular events essential for cell transformation.
This could lead to the identification and eventual isolation of a hypotheti-

cal "transforming protein," which would then open the way for design of

specific drugs for the control or prevention of cancer. Host range mutants
were selected over temperature-sensitive (ts) mutants for these studies

because: (1) Host range virus mutants may, in principle, be of any structural

type, and do not depend on a "quasi-" or conditionally functional virus gene

product. Missing subunits, deletions of portions of subunits, frame-shifts,

inversion, etc., are all possible genetic bases for host range mutants which
would depend not on their own products for their growth under permissive
conditions but on complementation by homologous functions of another cell-

associated virus. (2) The inherent leakiness of temperature-sensitive
mutants can be a severe drawback, introducing the risk of high background
levels of gene functions at the non-permissive temperature, which affects

both complementation and physiological experiments. (3) Since non-permissive
temperature is usually several degrees above normal body temperature for the

murine system, it can be expected that the inherent leakiness would be an

even greater problem in in vivo experiments. Thus, ts mutants are not the

choice for attacking the important question of pathogenic properties of

altered viruses. (4) Temperature-sensitive mutants are typically of the

missense type, usually stemming from a single base change; thus, they are

subject to reversion and intra-genic complementation. (5) Virus-directed
protein synthesis in in vitro systems is just beginning to be approached

with tumor viruses; though a technically difficult task, this may be viewed

as the ultimate way to identify and characterize viral gene products. In

this regard, host range virus mutants with drastic alterations in the RNA

would be necessary; ts mutants which code for products similar, chemically,

to the wild type would be difficult to use in this approach.

Proposed Course : Continuation to achieve the objectives described.

Date Contract Initiated : April 1, 1974

Current Annual Level : $115,000

HARVARD UNIVERSITY (N01-CP3-3390)

Title : Oncogenic Herpesviruses in Primates

Contractor's Project Director: Dr. T. C. Jones
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Project Officer (NCI) : Dr. Dharam Ablashi

Objectives : To study oncogenic herpesviruses in primates.

Major Findings : Herpesvirus saimiri (HVS), previously shown to produce
malignant lymphoma and leukemia in New Zealand white rabbits, was studied
further in this species. Infant rabbits were more uniformly susceptible to
leukemia caused by the virus than were adults. Conjunctivitis, nasal
discharge and dyspnea often are unique signs in rabbits, due to the lymph-
omatous invasion of ocular and nasal tissues. With this exception, the
pathologic lesions in rabbits were similar to those in marmosets and owl

monkeys infected with HVS. Virus was recovered from whole blood, lymph
nodes, spleen and lymphocytes but not from kidneys, lungs, eye washings or
corneal cell cultures. Koch's postulates were satisfied by the recovery of
the virus, reproduction of the disease and reisolation of the virus from
rabbits. Horizontal infection between rabbits was not observed.

Human cell cultures were confirmed to be infected by HVS. The infection may
persist and become latent, but cell transformation did not occur during
one year of observation. The virus was recovered by cell fusion, confirmed
to be HVS by specific neutralization and then shown to produce malignant
lymphoma in marmosets.

HVS produced persistent infection in a somewhat resistant line of Vero cells.
This infection persisted through 34 serial cell passages in culture during
4-1/2 years. This virus now appears to have lost its pathogenicity for
rabbits and marmosets.

Contact transmission of HVS was demonstrated between squirrel and owl monkeys
in the laboratory. The virus was present consistently in the blood of
naturally infected squirrel monkeys and was detected periodically in the
oropharynx of these animals during tests over a one year period. Fecal and
urine cultures were consistently negative. Infected owl monkeys apparently
do not excrete the virus.

Significance to Biomedical Research and the Program of the Institute :

Several different herpesviruses induce lymphoid neoplasms in animals, and
some members of this DNA virus group are suspected to be oncogenic in humans.
HVS is of particular interest because it produces T-cell lymphoma in two
dissimilar animal species and provides a system for the investigation of
viral, cellular, and host factors which influence the development of overt
disease. This will contribute to an understanding of virus-host interactions
which bear upon the development of neoplasia in humans.

Proposed Course : Work will continue on (1) karyotypic studies of owl monkey
cells and analysis of variations in the response to HVS of animals with
different karyotypes; (2) susceptibility of rabbits to HVS-induced lymphoma;
(3) natural horizontal transmission of HVS; and (4) testing the oncogenicity
of Herpesvirus ateles (HVA) and new primate herpesviruses in various primates.

Date Contract Initiated : June 26, 1972

Current Annual Level : $94,467
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HEBREW UNIVERSITY (N01-CP3-3310 )

Title : Studies on Herpesvirus (EBV) and its Role in Human Cancer

Contractor's Project Director : Dr. Robert Goldberg

Objectives : Investigate the molecular composition and properties of

Epstein-Barr virus (EBV) DNA, its transcription in lymphoblasts, and the

viral structural peptides synthesized in productive and non-productive cell

lines carrying the virus.

Major Findings : Virus particles from two lymphoblastoid cell lines that

produce EBV were obtained and the purified viral DNA was analyzed. The
EBV-DNA was found to have a molecular weight of 100 x 10^ and a density of

1.716 g/ml. The density of the viral DNA differs from that (1.718 g/ml

)

previously reported by several laboratories. The reason for the change is

not known. EBV-DNA released from Burkitt lymphoblasts, which was not
associated with virions, was isolated by chromatography on benzoyl ated

naphthoylated DEAE-cellulose and characterized.

Experiments with nuclei isolated from virus-producing lymphoid cells (B95-8)

showed EBV-DNA synthesis under in vitro conditions. This technique made
possible study of the DNA polymerase responsible for EBV-DNA synthesis in

isolated nuclei from cell lines of Burkitt lymphoblasts and infectious

mononucleosis. A similar in vitro system of isolated nuclei was developed
for the study of the RNA polymerase activity in herpes simplex virus (HSV)-

infected cells as well as in the lymphoblastoid cell lines. It was found

that the RNA polymerase II of the host cell is responsible for the transcrip-

tion of HSV-DNA. The role of the cellular RNA polymerase II in the trans-
cription of EBV-DNA is being investigated. Incubation of the lymphoblastoid
cells in an arginine deficient medium was found to induce the release of

particulates morphologically resembling type C virus.

Analysis of the proteins synthesized in Burkitt lymphoblasts was confined to

the selective extraction of the EBV nuclear antigen (EBNA) from the cell

nuclei. Four proteins were extracted from nuclei of Raji cells and are

being characterized.

Replicative intermediates of HSV-DNA were isolated and characterized by

biochemical techniques and electron microscopy. This has provided informa-

tion on the mode and sequence of semi conservative replication of HSV and

ability to recombine with cellular or viral DNA.

Significance to Biomedical Research and the Program of the Institute : EBV

is associated with Burkitt 's lymphoma. Since the members of the herpesvirus
group usually cause lytic infections in sensitive cells, the non-lytic
relationship between EBV and its host, the lymphoblast, represents an

unusual type of cell-virus interaction. The Burkitt lymphoblasts contain
EBV-DNA in a repressed state. Expression of the viral genes takes place
only when the cellular mechanisms are changed and EB virions are synthesized.
The nature of the cellular mechanisms in the lymphoblasts that control viral

gene functions are not yet known. These studies propose to clarify the
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nature of the association of EBV-DNA with the lymphoblast's genome. The

studies on the molecular processes involved in the regulation of the
herpesvirus DNA genomes in permissive and transformed cells will provide
basic information on the nature of the EBV-induced antigens and their role
in the ability of the tumori genie cells to proliferate and develop as tumors
in humans. These studies may help to assess the usefulness of these viral

antigens for immunodiagnosis and immunotherapy of cancer in humans.

Proposed Course : Continuation to achieve the objectives described.

Date Contract Initiated : June 29, 1973

Current Annual Level : $103,567

ILLINOIS, UNIVERSITY OF (N01-CP4-3318)

Title : Studies on the Molecular Mechanism of Carcinogenesis by Oncogenic
Viruses

Contractor's Project Director : Dr. Giampiero di Mayorca

Project Off i cer (NCI) : Dr. Robert Goldberg

Objectives : Characterization of the human papovavi ruses, especially BK
virus, and a cold-sensitive mutant of polyoma virus.

Major Findings : The characterization of mutant 47-2, a "cold" mutant of

polyoma virus for malignant transformation, has been extensively carried
out. The results of cellular phenotypic reversion by temperature shifts
on 45 mutant virus-transformed clones and 30 wild type virus- transformed
controls are still ambiguous. The polypeptide composition and tryptic
digest products of polyoma virus "rescued" from transformed cells have been
analyzed and compared with those of wild type virus. Significant differences
were found, suggesting host cell-induced modifications.

BK virus has been established as a human papova virus distantly related to
SV40. Five different isolates from the urine of kidney transplant patients
were characterized and found to be very similar to one another and only
marginally related to SV40. It may be concluded that the BK group isolates
represent a single geographically ubiquitous human papova virus and not a

family of related viruses. All the isolates exhibit transforming ability
in vitro . The kinetics of a hybridization experiment of BK DNA with human
tumor DNA are being determined.

Significance to Biomedical Research and the Program of the Institute :

Studies on small icosahedral DNA viruses such as SV40 and polyoma have
contributed an impressive body of information in recent years on the
interactions between these viruses and cells. The genetic analysis of the
genome of these viruses, by the use of mutants, may provide a major advance
in our knowledge of the mechanism of cell transformation at the molecular
level.
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These studies have recently become of great importance with the isolation of
human papovavi ruses, such as BK virus. BK virus is important as a possible
oncogenic virus for the human population since: (1) It induces a malignant
transformation of rodent and primate cells. (2) It is of human origin, not
closely related antigenically to polyoma virus or SV40 which are found in

animals. (3) It appears as a widespread infectious agent in the human
population as determined by hemagglutination inhibition serological studies.

Proposed Course : The mutant of polyoma virus which is cold sensitive for
the maintenance of transformation will be investigated in its interactions
with different cells (hamster, rat, marmoset) to elucidate the role of
cellular functions in the expression of mutation. The BK virus biological
system will continue to be developed, new virus strains will be investigated
and the presence or absence of the BK virus genome in human tumors will be

investigated.

Date Contract Initiated : December 9, 1971

Current Annual Level

:

$143,000

JOHNS HOPKINS UNIVERSITY (NOl -CP4-3266;

Title : Studies of New Papovavi ruses Isolated from Man

Contractor's Project Director : Dr. Richard T. Johnson

Project Officer (NCI) : Dr. Edward Scolnick

Objectives : Characterization of papovavi ruses isolated from humans and
determination of their presence in human sera, urine and human cerebral
neoplasms.

Major Findings : Examination of tissue from cases of progressive multifocal
leukoencephalopathy (PML) and human brain tumors demonstrated JC papovavi rus

in two human brains and T antigen in cells grown from the two brain tumors.
Cells grown from the brain of a patient with PML had many characteristics
of transformed cells. Cells contained T antigen, grew in serum-poor media,
were subcultured beyond 15 passages, contained SV40 DNA and could not be
superinfected with SV40. Cells from JC-infected brains also contained T

antigen but have not yet been further characterized. These are human cell
lines in which the transforming event apparently occurred in vivo . Over
50 human brain tumors were established in culture; 2 of 10 meningiomas had
granular, intranuclear T antigen with nucleolar-sparing typical of papovavirus
T antigen. Viral rescue studies are in progress. Human urines from
immunodeficient patients were monitored; 5 of 19 renal allograft patients
were positive for papovavirus virions. Identification as BK is in progress.

BK virus produced cerebral tumors as well as subcutaneous tumors in hamsters
with difficulty; anti -lymphocyte serum treatment was required for the former.

BK virus transformation of cells of several species was accomplished.



Significance to Biomedical Research and the Program of the Institute :

Papovavi ruses are known to cause tumors in animals and to transform cells in
culture. Since there is serological evidence that human infection by certain
papovavi ruses is rather common, it is important to assess the role of these
viruses in human cancer.

Proposed Course : This project was terminated on June 30, 1976.

Date Contract Initiated : February 1, 1974

Current Annual Level : $70,000

JOHNS HOPKINS UNIVERSITY (N01-CP4-3330)

Title : Studies on Cellular Immunity to Herpes Simplex Virus-Associated
Antigens in Cancer Patients and Controls

Contractor's Project Director : Dr. Laure Aurelian

Project Officer (NCI) : Dr. Steven R. Tronick

Objectives : The objectives of this contract are (1) to establish whether
cell-mediated immunity (CMI) to herpes simplex virus type 2 (HSV-2) antigens
can be demonstrated in selected cancer patients; (2) to identify and
characterize the antigens responsible for eliciting the cellular immune
responses; (3) to correlate CMI responses with serological assays designed
to detect humoral antibody to HSV-2 antigens; and (4) to relate the results
of these studies to the clinical status of patients and controls.

Major Findings : A rabbit model for herpesvirus-induced lymphocyte trans-
formation (LT) is under study. In rabbits responsiveness was observed as

a localized event, the site of which depended on the route of immunization
by virus antigens. Kinetically, responses peaked at 7-10 days after
immunization. Virus type-specificity could be expressed as the ratio of the
stimulation index for HSV-1 to that for HSV-2 and was affected by the anti-
genic dose and the organ from which the lymphoid cells were obtained. Both
the intensity of the response and its virus specificity appeared to decrease
with time after primary inoculation; hyperimmunized animals became completely
unresponsive by 90 days after immunization. Ten days after antigenic
challenge, responsiveness was regained, but its magnitude (stimulation index)
was greatly reduced. Ten days after primary immunization against HSV-2
responsiveness to the AG-4 and CP-4 HSV-2-induced polypeptides was observed.
This response was not obtained if HSV-1 was the immunogen. Lymphoid cells
from HSV-2 hyperimmune rabbits are not stimulated by the AG-4 and CP-4
polypeptides.

Human mononuclear cells were observed to be stimulated by HSV-1 and HSV-2.
Using criteria developed in the rabbit model, responses in 70% of cases
studied were HSV-1 specific, whereas relatively few (30%) were HSV-2
specific. The positive responses to HSV-2 were predominately in the cancer
case group. AG-4-induced lymphoid blastogenesis was observed very rarely

1690



I

and only in specimens from the preinvasive cancer cases. Positive responses

to CP-4 polypeptide were observed only in cells from those women which
responded with HSV-2-specific blastogenesis and were almost exclusively

invasive cancer cases.

Separation of human lymphocyte subclasses by rosetting with neuraminidase-
treated sheep red blood cells suggests that T lymphocytes are reactive in

lymphocyte blastogenesis to HSV-1 and HSV-2. In the leukocyte migration
inhibition factor assay (LMI), positive responses to HSV-2 were predominantly
associated with cancer patients (8/13) as compared to controls (5/18).

Responses to CP-4 were almost exclusiA^ly associated with the cancer group

(11/14). Mononuclear cells from cancer cases caused specific lysis of HSV-2

infected HEp-2 cells, while mononuclear cells from 3/5 controls were
negative.

Significance to Biomedical Research and the Program of the Institute : Most
of the evidence supporting an association between HSV-2 and cervical carcin-
oma has come from epidemiological and immunological studies. The
immunological studies concentrated on detecting antibodies in the sera of
cancer patients and controls directed against a variety of viral antigens.
Comparatively little effort has been directed at examining the cellular
immune response of cancer patients and controls to these antigens. The
evaluation of cell -mediated immune responses to HSV-2 in patients with
cervical carcinoma adds further information to help to determine whether
there is an etiological link between the herpesvirus and squamous cell

carcinoma. The use of current or newly developed assays for cellular
immunity to test the patients' response to a variety of characterized viral

antigens, and the correlation of the data so obtained with data from sero-

logical assays, the clinical status of the patients and the pathology of the

lesion will provide knowledge of the host factors involved in HSV-2 infec-

tions and cervical cancer. This information may be crucial in providing
diagnostic and therapeutic aids to patients with cervical carcinoma.

Proposed Course : Continuing studies include (1) lymphocyte transformation
in the presence of autologous human serum; (2) T and B cell separation to

determine the type of cells involved in LT or LMI; (3) macrophage depletion
to determine the role of this cell in the above assays; (4) establishment of

indirect migration inhibition assay in agarose using guinea pig peritoneal

exudate cells and supernatants from LT assays; (5) specificity analyses for
both the LT and LMI assays using rabbit models; and (6) cytotoxicity assays
using immune sera and lymphocytes alone or in combination.

Date Contract Initiated : June 28, 1974

Current Annual Level

:

$234,714 (for 18 months)
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JOHNS HOPKINS UNIVERSITY (N01-CP3-3345)

Title : Herpesvirus Antigens and Virions in Neoplastic Cells from Cervical
Carcinoma

Contractor's Project Director : Dr. Laure Aurelian

Project Officer (NCI) : Dr. George Vande Woude

Objectives : Identification of herpes simplex virus type 2 (HSV-2) antigens
and virions in neoplastic human cells to develop evidence for or against
HSV-2 as a factor in the etiology of squamous cell carcinoma of the human
uterine cervix.

Major Findings : Emphasis was placed on the confirmation of the serological
data on AG-4, a tumor-specific HSV-2 antigen, and on its further character-
ization. The results of these studies indicate that AG-4 is a HSV type-
specific antigen of substantial immunodiagnostic potential, capable of
predicting prognosis and, possibly, risk of tumor development. Prevalence
of antibody to AG-4 reflects the frequency of HSV-2 infection; it was
detected in 47% of the Japanese population tested and 82% in a new on-going
study in the U.S. AG-4 antibody is a macroglobulin, expressed during primary
herpetic infections, and of transient nature.

AG-4 is made in the cytoplasm and appears to persist in the cytoplasm and
surface of 2-5% of the infected cells. Its identification as the
structural capsid protein (ICP 10) was proposed. The rate of synthesis of
AG-4 paralleled that of ICP 10 following infection in the presence of
cycloheximide, reaching maximal levels at 6 hours after drug removal. AG-4
and ICP 10 synthesis was affected similarly by the virus strain and its
passage history, but not by host cell type. The effects were quantitative
as well as qualitative. Absorption of AG-4 positive sera with solubilized
virions, but not with intact particles, removed their ability to fix
complement with AG-4.

Studies designed to inquire into viral proteins other than AG-4 that are anti-
genic in cancer patients showed that human sera can precipitate as many
as 16 proteins from extracts of cells productively infected for 4 hours.
Unlike AG-4, none of these appeared to be cancer associated. The major
antigen present in exfoliated cervical tumor cells was identified. It is

designated AG-e and is biologically and antigenically distinct from AG-4.
Comparison of AG-e with the proteins detected by radioimmune assays are in

progress.

Significance to Biomedical Research and the Program of the Institute :

Considerable data has been acquired demonstrating an association between
HSV-2 infection and carcinoma of the uterine cervix. In humans, it is

extremely difficult to show conclusively that virus associated with neoplasms
is a factor in oncogenesis and not simply a passenger. Studies conducted
under this project are expected to provide some of the data required to

reach a decision regarding the role of this virus in oncogenesis.
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Proposed Course : Further studies will be made to determine the presence of

"early" HSV-2 antigens in cervical tumors, the prevalence of antibodies to

this antigen in patients, and the prognostic significance of these anti-

bodies. Cervical tumor cell cultures will be analyzed for expression of

persisting HSV-2 genome or of a fraction of a genome. A search will be made

for HSV-2 specific antigens on the surface of tumor cells, biopsied,

exfoliated, or cultured in vitro .

Date Contract Initiated : May 5, 1971

Current Annual Level : $88,000

KAROLINSKA INSTITUTE (N01-CP3-3316)

Title : Studies on the Significance of Herpes-type Viruses and RNA Viruses

in the Etiology of Some Human Cancers

Contractor's Project Director : Dr. George Klein

Project Officer (NCI) : Dr. Berge Hampar

Objectives : To elucidate Epstein-Barr virus (EBV)-cell-host interactions,

mechanisms of cell -mediated anti-tumor immune reactions, and regulation

of type C virus expression in defined systems.

Major Findings : Both integrated EBV-DNA sequences and non-integrated
EBV-DNA is present in virus-carrying cell lines, BL and NPC biopsies. A

large part of the EBV-DNA not integrated into host-cell DNA is present as

covalently closed circles. Enough viral RNA is found in the Raji line of

Burkitt's lymphoma cells to code for 20 proteins.

A series of new cell hybrids were produced by fusing different combinations

of EBV-carrying or EBV-free human lymphoid cells. Segregation analysis

shows independent early antigen (EA) inducibility by lUDR and by P3HR-1

virus superinfection, respectively. The virus capsid antigen (VCA)

bottleneck is semi -independent of the EA step. Two cells with a strong

cellular restriction of VCA production can complement each other, yielding
hybrids that are VCA producers. The number of EBV-DNA copies in non-virus
producer hybrids of two non-producer lines was found to exceed considerably
the sum of the numbers in the two parents, showing the existence of a

positive amplification mechanism. Phosphonoacetic acid blocks VCA but not
EA production.

It was shown that the EA is more complex than originally thought. Periodate
destroys all EA activity. Papain treatment of superinfected Raji cells was
useful to distinguish between absorbed virus and newly synthesized MA.

Preliminary immunochemical characterization of MA is in progress. UV
sensitivity of different EBV-determined antigenic functions was defined.

EBV-negative BJAB and Ramos lymphoid cell lines were converted into EBV-

positive sublines by in vitro infection with the EB virus. Comparison of
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the genome negative lines with their positive subline derivatives showed
that the viral 'genome endows cells with an increased resistance to saturation
conditions at 37 and 39C, but their ability to grow at 34C decreases con-
siderably.

The EBV receptor of human B lymphocytes is either identical to or sterically
closely associated with the complement receptor. Human peripheral T lympho-
cytes form rosettes with certain EBV-carrying B lines with surface IgG.
EBNA positive cells have been successfully demonstrated in the peripheral
blood of five acute IM cases. An American BL case was EBV-DNA and EBNA
positive. Killer T-cells with EBV specificity against a serologically
unidentified, "lymphocyte defined" membrane antigen (LYDMA) have been demon-
strated in acute IM blood, disappearing during convalescence. LYDMA was
present on all EBV transformed EBV-DNA and EBNA positive lines but not on
the GC-BJAB line, induced by in vitro EBV conversion of the negative BJAB
lymphoma line or on a variety of EBV-negative lines. EBV-specific killer
T cells were also found in Burkitt lymphoma biopsies. Purification of T
cells also showed tumor specific cytotoxicity in a rat glioma system where
the unfractionated lymphoid cell suspension gave a different cross-reactive
pattern.

Spleens of mice bearing a variety of viral ly- and chemically-induced murine
tumors and heterotranspl anted human tumors showed depressed lymphocyto-
toxicity in the previously described "natural" killer system against YAC
lymphoma cells. Genetic analysis of this reactivity showed polygenic
control, with a strong H-2 linked factor.

Significance to Biomedical Research and the Program of the Institute :

Investigations under this project are directed to two areas of importance
to overall Program. First, the recognition that certain herpesviruses
induce neoplasms in animals and that EBV and herpes simplex virus type 2

are associated with human neoplasms requires intensive study to provide a

better understanding of the host-virus relationship for this group of
agents. Data acquired under this project contribute to assessment of the
role of herpesviruses in the causation of human neoplasms. Second, the
analysis of the immunological responses of the host to tumor cell surface
antigens provides basic information important in approaches to control
of tumor development. The project is strongly oriented to human neoplasia,
using defined animal systems as required for progress in understanding the
fundamental mechanisms involved.

Proposed Course : This project will continue without change.

Date Contract Initiated : April 9, 1968

Current Annual Level

:

$150,000

€
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LIFE SCIENCES. INC. (N01-CP3-3205)

Title : Studies on Marek's Disease as a Model for Herpesvirus-Associated
Oncogenesis

Contractor's Project Director : Dr. Jack Frankel

Project Officers (NCI) : Dr. George Vande Woude

Objectives : To determine the exacu nature of the role of the herpesvirus
associated with Marek's disease in the etiology of this disease and the

elucidation of the mechanisms of interaction between herpes and RNA viruses
in tumorigenesis using specific pathogen-free avian hosts.

Major Findings : Inoculation of specific pathogen-free (LSI-SPF) chickens
simultaneously with Marek's disease herpesvirus (MDHV) and Rous-associated
virus 2 (RAV-2), an RNA avian leukosis virus (ALV) of subgroup B, resulted
in enhanced mortality compared to the response in chickens inoculated with
MDHV alone. Necropsy at 4 weeks revealed that the incidence of gross
visceral tumor development was comparable between the two groups. However,
a lower incidence of overt tumors was observed at 8 weeks among chickens
inoculated with both MDHV and RAV-2 than among those that received MDHV only.

The extent of microscopic lesion development correlated with these observa-
tions.

A lymphoid cell line (MKT-1 ) was initiated from a kidney tumor derived from
an isolator-held LSI-SPF chicken that had been inoculated with ALV-free
MDHV. Unlike other established lines, the MKT-1 lymphoid cells are
apparently non-producers with respect to MDHV since (a) MDHV-related
antigens are not detected by immunofluorescence; (b) characteristic MDHV
foci are not induced in chicken kidney cells during co-cultivation; and

(c) particles resembling herpesvirus are not observed during electron
microscopic examination except within cells treated with lUDR. The MKT-1

lymphoid cell line contains 20-25 MDHV genome equivalents per cell.

Particles produced during cultivation of Marek's disease (MD) tumors

(obtained 4 weeks after inoculation of SPAFAS chickens with ALV-free MDHV-

contained RNA which was lighter than that of RAV-2, but heavier than the
55s DNA characteristic of MDHV. The MD tumor tissues exhibited higher
levels of 19,000 molecular weight protein (pl9) than corresponding control
tissues. The particles apparently replicated at very low levels in quail

embryo fibroblast cultures, as determined by radioimmunoassay, but not in

chicken embryo fibroblast cultures of the C/E phenotype which are non-
permissive for ALV of subgroup E. Another experiment was initiated to

compare levels of oncornavirus expression in chickens inoculated with viru-
lent and relatively avirulent MDHV, as well as with a herpesvirus of turkeys
(HVT) which is used as a vaccine for MD. The results of these d^erminations
will be correlated with the extent of tumor development and peripheral nerve
enlargement. Studies completed to date revealed that kidney cultures from
6-7 week old control (diluent-inoculated) chickens released extremely low,

but detectable, quantities of virus particles containing 60-70s RNA.

Kidney cultures from chickens inoculated with virulent MDHV or HVT produced
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significantly greater quantities of particles. Comparatively fewer chickens
inoculated with avirulent MDHV preparations responded in this fashion, ^
although the small number of chickens studied thus far must be considered. ^^

Lymphoid cells from chickens inoculated with HVT were not sensitized to MDHV
by microcytotoxicity tests for cellular immunity (target-cell destruction),
although activity was detected in the presence of autologous sera. Con-
trasting responses were observed in chickens inoculated with virulent MDHV.
They developed lymphoid cells sensitized to MDHV and target-cell destruction ^
was "blocked" by autologous sera. A number of clone-purified MDHV prepara- |K
tions were obtained in cell cultures, as well as a variety of oncogenic and
non-oncogenic avian viruses, for enhancement and interference studies.
Assays for RAV-0 and chick helper factor were developed.

Significance to Biomedical Research and the Program of the Institute : In

comparison to the RNA tumor viruses, comparatively little is known concern-
ing the role of herpesviruses in oncogenesis or their interaction with
endogenous RNA tumor viruses. Certain herpesviruses have been implicated
in the etiology of carcinoma, lymphoma and leukemia in different species
of animals and other viruses of this group have been shown to be strongly
associated with neoplasia in man. This project provides the opportunity
to acquire information on one herpesvirus in relation to a malignant
disease in its natural host which may aid in understanding the role of
herpesviruses in oncogenic processes in man.

Proposed Course : Studies on the interaction between MDHV and other viruses
as this relates to the disease process will be continued. ^
Date Contract Initiated : November 1, 1968

Current Annual Level : $499,970

LITTON-BIONETICS, INC. (NOl -CP5-3509)

Title : Investigations of Suspected Oncogenic Viruses in Non-human Primates

Contractor's Project Director : Dr. Harvey Rabin

Project Officer (NCI) : Dr. Berge Hampar

Objectives : To investigate host-virus relationships established by viruses
known or suspected to induce neoplasia in animals or humans using non-human
primates of different species and to determine host immune responses follow-
ing virus infection, correlating these with viral reproduction and patholog- ^
ical processes. |B

Major Findings : The immunological events occurring in owl monkeys follow-
ing infection by Herpesvirus saimiri (HVS) were followed during the ensuing
process of lymphoma development. An anti -lymphocyte factor inhibiting
macromolecular synthesis was detected in plasma of diseased monkeys, but
not in healthy monkeys. A rise of antibody determined by the
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antibody-dependent lymphocyte cytotoxicity assay (ADLC) correlated with
the severity of disease and reached "^ery high titers accompanied by a

corresponding decrease in T-cell function as determined by mitogen
response.

Monkeys with moderate ADLC titers retain T-cell functional competency.
Cytotoxic antibody was demonstrated in several infected monkeys and appeared
to rise at the same time as antibody to early antigen (EA) but reached
lower levels of activity. Attempts at plating single HVS-lymphoid cells
were unsuccessful. However, HVS-cells have been shown to have fibrinolytic
activity and this technique may allow the detection of low levels of
transformed cells.

Infection by the B95-8 strain of Epstein-Barr virus (EBV) resulted in the
development of multiple tumors in a cotton-topped marmoset. Lymphoid
lines were established from tumor cells taken from three organs in this
animal and exhibit some differences from one another. A herpesvirus
isolated from baboons at Sukhumi, U.S.S.R,, appears to be related to EBV.
In collaborative studies with Soviet investigators some biological
differences were determined. This work was initiated jointly with two
visiting Russian investigators, as well as with other Russian scientists
and NCI investigators.

Significance to Biomedical Research and the Program of the Institute : Cer-
tain herpesviruses induce lymphoma and leukemia in non-human primates.
Not all members of a susceptible species develop overt disease despite
persistent infection. The comparative study of host immune responses in
the course of the disease process and in resistant animals is expected to
contribute to a better understanding of host factors in relation to the
development of overt neoplasia. This work is particularly relevant to the
determination of the role of EBV in African lymphoma where interaction
between this virus and environmental factors is suspected to result in
disease.

Proposed Course : This project will emphasize the study of the role of cell-
mediated immunity in determining the outcome of virus infection in different
monkey hosts.

Date Contract Initiated : September 1, 1974

Current Annual Level : $320,000

THE MEDICAL COLLEGE OF PENNSYLVANIA (N01-CP4-3319)

Title : Immunological Characterization of the Epstein-Barr Virus (EBV)
Antigens

Contractor's Project Director : Dr. Barbara Zajac

Project Officer (NCI) : Dr. Maurice L. Guss
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Objectives : Produce, isolate, purify and characterize various EBV-associated Jt/t

antigens from tissue culture cell lines with the initial emphasis on "early" ^^
antigens and to produce monospecific antisera against these antigens.

Major Findings : Studies were made on EBV-associated diffuse (D) "early"
antigens, viral-capsid antigens and the nuclear antigen (EBNA). A passive
hemagglutination assay was developed for the detection of antibodies to

D-early antigens. This assay gave titers 50 to 100-fold greater than those g^
obtained by indirect immunofluorescence. Similarly, a hemagglutination- (|B
inhibition test was developed for screening for the presence or absence of
D-early antigen during purification procedures. This assay was 20 times
more sensitive than the immunofluorescence-blocking assay and permitted
the rapid processing of large numbers of samples. Triton X-100 was found
to be more effective than KCL for sol ubili zing D-antigen bound to

particulate fractions. D-early antigens partially purified by ammonium
sulfate precipitation and DEAE-cel 1 ulose chromatography could be further
purified by hydroxyl apatite chromatography. Contaminating cellular
proteins could be removed from these partially purified preparations by

immune affinity chromatography using as the immunoadsorbent rabbit antisera

to RPMI 64-10 cellular proteins covalently bound to Sepharose 4B. Purifi-
cation of non-enveloped EBV nucleocapsids, from supernatants of the HRl-K
or B95-8 cell lines, was accomplished by a combination of centrifugation
through 35% CsCl and enzymatic digestion. The purified nucleocapsids were

used for the production of rabbit antisera to viralcapsid antigens.

A blocking-anticomplement immunofluorescence (ACIF) assay was adopted for ^#
screening for the presence or absence of EBNA and used to follow the ^P
purification of EBNA. Initially, nuclei isolated from the Raji line of

Burkitt's lymphoma cells were used as the source of EBNA. All attempts
to obtain soluble EBNA from the isolated nuclei were unsuccessful. Treat-
ment of the nuclei by sonication, Triton X-100 or acid resulted in all

detectable EBNA activity remaining associated with particulate material.
Subsequently, soluble EBNA antigen was prepared from extracts of Raji

cells according to the procedure of Reedman, Pope and Moss. EBNA-blocking
activity was found in both the supernatant and particulate fractions of

these preparations. More than 90% of EBNA activity present in the super-
natant fraction was precipitated by the addition of ammonium sulfate.
Studies with DEAE-cel 1 ulose chromatography revealed that EBNA activity
could be eluted in one major peak. The material present in this peak

blocked ACIF activity of human sera and fixed complement.

Significance to Biomedical Research and to the Program of the Institute :

EBV has been associated with a number of human neoplastic diseases including

lymphoma and nasopharyngeal carcinoma, primarily on serologic evidence. ^
Specific imnunological reagents are required for investigations on the |9
role of EBV in human malignancies. This project was initiated to attempt

the preparation of purified, characterized EBV protein products detected

in EBV-infected cells and the preparation of monospecific serological

reagents directed against these viral products.

Proposed Course : This contract was terminated on June 30, 1976, due to ^^
technological problems. ^P
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Date Contract Initiated : March 1, 1974

Current Annual Level : $86,604

MELOY LABORATORIES. INC. (N01-NS2-2306)

Title : Oncogenic Potential of Herpesviruses in Primates

Contractor's Project Director : Dr. John Verna

Project Officers (NCI) : Mr. J. T. Lewin

(NINCDS): Dr. W. T. London

Objectives : To evaluate herpes simplex virus type 2 (HSV-2) as a potential

agent of cervical carcinoma using Cebus monkeys.

Major Findings : This is a collaborative project between NCI and NINCDS.

The full complement of animals required for this study was achieved early

this year. The animals have been reinoculated with HSV-2 at 6-month

intervals since that time. The colony now contains 223 virus and 80

control females. During the year there were 606 inoculations of females

(437 virus and 169 control) and 256 males (190 virus and 66 control

contacts) were sampled for HSV-2 infection. Ten females from the control

group were treated with 10 percent salicylic acid intravaginally on

the same inoculation schedule as the virus recipients. They will continue

to be inoculated and sampled as are the virus recipients.

Cytological changes of mild atypia to marked dysplasia have persisted in

cervical smears from 16 virus recipients. One female that was treated

with salicylic acid had mild atypia prior to inoculation which has persisted

for 10 months. No control animal has yet shown persistent changes, although

12 have had one or two samples with minimal changes of mild to moderate

atypia. The incidence of pre-antibody to HSV-2 increases and the rate of

infection decreases as the number of inoculations per animal increases.

Seroconversion, virus shedding, herpes cytology and lesions all decrease

as the number of inoculations increase. The interval between inoculations

was increased in an attempt to reduce the incidence of pre-antibody and

increase the rate of re-infection. Selected animal sera are titrated in

an attempt to determine serological response of these animals to re-

inoculation with HSV-2.

Significance to Biomedical Research and the Program of the Institute :

HSV-2 has been shown to be associated with invasive cervical carcinoma in

humans. This project was initiated to determine whether repeated infections

in a non-human primate that responds to infection by this virus in a manner
similar to humans would result in cervical malignancy. The data acquired

in this and related projects is expected to provide a better understanding

of the nature of the relationship observed between this virus and cervical

cancer.
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Proposed Course : This project is expected to continue for at least two
more years.

Date Contract Initiated : March 30, 1972

Current Annual Level : $286,109

NORTH CAROLINA (N01-CP3-3336)

Title : Molecular Studies on Herpes-Type Viruses of Potential Oncogenicity

Contractor's Project Director : Dr. Joseph Pagano

Project Officer (NCI) : Dr. Berge Hampar

Objectives : To define, at the molecular level, the virus-cell relationships
of herpes simplex virus type 2 (HSV-2) to human cervical carcinoma and
of Epstein-Barr virus (EBV) to Burkitt's lymphoma (BL) and nasopharyngeal
carcinoma (NPC).

Major Findings : Analysis of human tumors was continued to determine the

presence of viral DNA sequences of herpes-group viruses thought to be

causally related to the tumors. EBV-DNA or cRNA were used as probes. BL

from Kenya, Uganda and the United States and NPC from Taiwan, Singapore,
Tunisia, Kenya and northern Greece were studied. With HSV-2 DNA as probe,
specimens of cervical carcinoma from Taiwan, Amsterdam and northern Greece,
and more recently from New York City, were examined for the presence of
HSV-2 DNA sequences. In addition, transformed human lymphoblastoid cell

lines were studied for the presence of EBV-DNA sequences. The techniques
applied include cRNA-DNA hybridization and DNA-DNA renaturation kinetics
analyses.

Results to date show the consistent presence of EBV-DNA in most BL and
NPC specimens and the absence of detectable HSV-2 DNA sequences in cervical
tumor tissue. A single cervical tumor specimen recently was shown to

contain the viral DNA sequences of human cytomegalovirus (CMV), but this

specimen also shed infectious CMV. None of the other BL, NPC or cervical
specimens examined is known to have contained infectious CMV or structural
viral antigens.

It was demonstrated in carefully controlled analyses that not all of the

viral DNA sequences of the P3J HR-1 reference strain of EBV are necessarily
present in specimens of NPC from Singapore, Tunisia, Taiwan and Kenya.
These results indicate that the episomal EBV-DNA found in these tumors is

defective or that heterologous viral DNA sequences that cannot be recognized
by the probe are present in addition to those sequences homologous to the

DNA of the reference strain. This work has been extended by an analysis of
certain human lymphoblastoid cell lines also shown not to contain complete
P3J DNA sequences. These cell lines include several from patients with
acute infectious mononucleosis, as well as the Maku cell line which is

believed to have been derived originally from an African BL. Further,
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EBV- transformed marmoset cell lines derived by Miller do not contain

complete P3J EBV sequences. The percentage of the genome missing in these

instances ranges from 10% to 40%. In several cases the result was

reproduced by different analyses of the same specimen. The episomal DNA

of the cell lines is being analyzed for contour length in collaboration

with Dr. T. Lindahl

.

Two methods were developed for radiolabeling purified EBV-DNA in vitro .

This made it possible to obtain the first analyses of the EBV genome with

two restriction endonucleases, Eco Rl and Hind III. It was shown that

the viral DNA which is synthesized upon superinfection of Raji cells with

EBV contains 22 fragments that are identical in size to the 22 fragments

found in the purified virion DNA; there are, in addition, 11 fragments not

found in virion DNA but newly synthesized and readily labeled with P^^.

The specific radioactivity of the P^^ DNA was very high. Studies on RNA

and protein synthesis in this system are in process. This DNA promises

to be of use both for probe studies and for molecular studies.

Other basic studies include purification of the EBV nuclear antigen (EBNA),

fractionation of Raji chromatin for localization of EBNA and episomal EBV-

DNA, and demonstration of EBV-induced DNA polymerase. Studies are con-

tinuing on the effects of phosphonoacetic acid on EBV-induced cell

transformation. Additional studies on the identity and nature of the

killer cells that circulate during the course of infectious mononucleosis

and have a specific cytotoxic effect on EBV-transformed B target cell

lines are in process. New cell fractionation techniques are being

employed to isolate and characterize possible subclasses in the preparations

of fresh cells that include the active killer cells.

Significance to Biomedical Research and the Program of the Institute : The

studies accomplished verify the close relationship between EBV and cells

in BL biopsies. The refinement by the contractor of molecular methods

provides useful tools in the study of viral associations with tumor cells

where repression of virus genetic expression masks the presence of

infection.

Proposed Course :. This project was terminated on April 24, 1976.

Date Contract Initiated : April 25, 1972

Current Annual Leve l : $135,000

PENNSYLVANIA STATE UNIVERSITY (N01-CP5-3516)
\

Title : Studies on the Oncogenic Potential of Defective Human Viruses

Contractor's Project Director : Dr. Fred Rapp

Project Officer (NCI) : Dr. Berge Hampar
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Objectives : To conduct a systematic study of the oncogenic potential of

defective human viruses.

Major Findings : A quantitative selection assay for transformation using

thymidine kinase-deficient random-bred Swiss mouse 3T3 cells infected with

ultraviolet-irradiated herpes simplex virus (HSV) was developed. This

system uses a selective HAT medium. The transformation potential of

HSV-1 and HSV-2 was quantitatively compared. The highest frequency of

transformation was obtained with HSV-2 strain 333. The transformation

rates for two strains of HSV-1 were lower and distinctly different from

HSV-2 and from each other. The dose of inactivating ultraviolet light

received by the virus and the multiplicity of infection proved to be

critical components of the procedure. Clones of these biochemically

transformed cells expressed HSV-specific antigens, altered cell morphology

and increased levels of thymidine kinase activity. Isolates of HSV-1

recovered from tJie same individual 11 years apart yielded similar trans-

forming frequencies. These results suggest that this assay should prove

useful in further characterizing the biological properties of HSV.

Attempts were made to superinfect epithelial explant cell cultures prepared

from nasopharyngeal carcinomas (NPC) with Epstein-Barr virus (EBV).

Virus-specific markers were observed in such cultures three days after

superinfection. In addition, expression of EBV early antigens was

observed in epithelial cell explant cultures treated with iododeoxyuridine

(lUDR). The results suggest that epithelial cells of at least certain NPC

possess the receptor for EBV and that expression of the latent virus

genome can be induced from epithelial cells prepared from such tumors.

Experiments are in progress to prepare somatic-cell hybrids of epithelial

cells derived from NPC tumors. If these hybrids can be made, it should

be possible to establish a cell line containing the EBV genome from NPC

epithelial cells. Using this cell line, it will be possible to conduct

experiments that examine virus expression and regulation in NPC.

Prostatic and bladder cells have been cultivated in vitro and are being

screened for virus-specific antigens. One prostatic cell culture

exhibited scattered foci of cytopathology on primary culture. A virus

was isolated which proved to be cytomegalovirus (CMV). CMV-specific

antigens were detected on cell surfaces of the prostate cells by indirect

IF tests following exposure of cells to lUDR. Nucleic acid hybridization

studies revealed that virus genetic information was carried by the human

prostate cells and that the cells contained an average of 10-15 genome

equivalents of CMV DNA. These results suggest that the cells may have

been transformed by CMV. New human (HEL) cells have also been morpholog-

ically transformed by this CMV isolate. The cells are susceptible to

attack by spleen cells sensitized to CMV-transformed hamster cells. The

cytotoxicity appears to be specific since survival of HEL cells and human

bladder carcinoma cells was not significantTy reduced. The results suggest

that some isolates of CMV have the ability to transform human cells in

culture directly (without inactivation).
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Significance to Biomedical Research and the Program of the Institute : The
observations made under this project indicate that some strains of herpes-
viruses commonly afflicting humans may have oncogenic properties which may
be expressed under certain conditions. Better assay procedures for trans-
forming potential may provide a means fco assess the significance of virus
strain differences within populations leading to a better understanding
of the nature of the association of HSV-2 with human cancer.

Proposed Course : Investigations on herpesviruses in relation to cancer
will continue.

Date Contract Initiated : October 27, 1969

Current Annual Level : $458,743

ST. LOUIS UNIVERSITY (N01-CP4-3359)

Title : Search for Viral -Specific Genetic Material in Human Cancers and
Studies on the Mechanism of Oncogenesis by RNA and DNA Tumor
Viruses

Contractor's Project Director : Dr. Maurice Green

Project Officer (NCI) : Dr. Edward M. Scolnick

Objectives : This research program is aimed at understanding, in detail,
the mechanism of cell transformation by RNA and DNA tumor viruses and
applying new information on viral carcinogenesis and on the molecular
biology of human cells directly to the problems of human cancer.

Major Findings : AMV reverse transcriptase (ap) was dissociated and active
a subunits isolated. The enzymatic and structural properties of mammalian
reverse transcriptase, murine, feline, and primate were established and
multiple RNase H enzymes were identified. Analysis of human tumors with
the specific template-primer, poly(Cm)-oligo(dG), detected particulate
reverse transcriptase in 30-60% of breast, Hodgkin's, ovarian, and prostate
cancers, but not in comparable normal tissues. Significantly high con-
centrations of free reverse transcriptase-like enzymes were found in some
human cancer cell lines that produce no detectable intracellular or
extracellular virus-like particles. Studies on RNA tumor virus replication
demonstrated an early protein synthesis requirement and provided presumptive
evidence for viral proteins. Virion RNA is 5' -terminal methyl capped,
consistent with a role as mRNA.

Analyses of human adenovirus experimental systems resulted in (i) the
characterization of two subnuclear DNA replication complexes, their DNA
polymerases, DNA products, and other proteins, providing unique opportunities
to understand DNA replication in human cells, (ii) the purification to

homogeneity of the viral coded 75,000 dalton single-stranded DNA binding
protein and the documentation of some properties, (iii) the identification
of six early viral -induced proteins with probable functions in cell
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transformation, DNA replication, and other profound cell regulatory

mechanisms, (iv) the identification of a unique pattern of integration

of highly oncogenic human Ad 12 genes in transformed hamster cells,

(v) the description of different abundance classes of viral nuclear and

messenger RNA molecules with implications for gene regulation in human

cells, (vi) the characterization of methylated base sequences in early

and late viral nuclear and messenger RNA, and (vii) the identification

of viral "transforming" mRNA species in productively infected and trans-

formed cells.

The development of the technology to label viral DNA and restriction

fragments to high specific radioactivities expedited the analysis of

human tumors for group A, B, and C human adenovirus (Ad) and herpesvirus

type 2 (HSV-2) gene sequences. Whole Ad 12 DNA molecules and transforming

C fragment were absent from GI and lung tumors (less than 0.2 copies of

2% of the viral genome). The presence of Ad 2 DNA sequences in some

tumors is being studied to distinguish between integrated transforming

genes and small amounts of infectious virus. Analysis of a number of

tumor categories for adenovirus sequences representative of oncogenic

groups A, B, and C is underway. Less than one copy of HSV-2 sequences,

representing 20% of the viral genome, are present in cervical and several

other tumors. But these results do not eliminate a role for HSV-2 in

these cancers since 2.1 would represent 2 viral genes, sufficient to trans-

form cells by analogy with adenoviruses and papovavi ruses.

Significance to Biomedical Research and the Program of the Institute :

Within the Virus Cancer Program sequential scientific activities, which

must be conducted prior to the development of a means for the prevention

of virus-induced neoplasia in man, include a) detection of the virus or

virus product in human materials, b) identification o^ the virus as a known

or new agent, c) selected biochemical characterization of the agent,

d) verification of oncogenicity for man. The basic research on the

molecular biology of normal and virus-infected cells may provide the

basis for understanding the mechanism of animal virus infection and

carcinogenesis and for developing a rational chemotherapy for viral

diseases and cancer.

Proposed Course : The following investigations are planned: 1) The

analysis of human cancers for DNA sequences specific for RNA tumor viruses

and for RNA-directed DNA polymerase activity, 2) analysis of human tumors-

for adenovirus and herpesvirus specific DNA sequences, 3) properties

of purified RNA-directed DNA polymerase of RNA tumor viruses and their

associated RNase H activity, 4) properties and synthesis of virion and

intracellular viral RNA and nascent DNA of oncornaviruses, 5) mechanism

of virus replication and cell transformation by RNA tumor viruses,

6) synthesis of RNA tumor virus-specific proteins and their regulation —
in vivo and in vitro studies, and 7) human adenoviruses -- mechanism of

virus replication and cell transformation.

Date Contract Initiated : March 20, 1967

Current Annual Level : $1,126,023
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SLOAN- KETTERING INSTITUTE FOR CANCER RESEARCH (N01-CP6-1022)

Title : Studies of Human Wart Virus in Tissue Culture

Contractor's Project Director : Dr. Magdalena Ei singer

Project Officer (NCI) : Dr. Robert J. Huebner

Objectives : To determine the antigenic properties of various human wart
viruses (HWV) and the relationships of HWV to benign or malignant tumors.

Major Findings : This project has been underway for an insufficient
period of time for a significant report.

Significance to Biomedical Research and the Program of the Institute : The
contractor's ability to propagate the human wart virus in quantities
sufficient for in depth studies may prove to be the major factor in

ultimately providing definitive evidence of the contribution of the human
wart virus to malignancy. In view of the prevalence of warts in the

population and the association of warts to cancer in animals, as well as

in humans, the wart virus could prove a significant factor contributing
to mammalian neoplasia.

Proposed Course : This project will continue without change.

Date Contract Initiated : December 1, 1975

Current Annual Level: $99,492
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b. SUMMARY REPORT

(4) RNA VIRUS STUDIES SECTION

July 1, 1975 through June 30, 1976

A. Viral Biology

New type C Nonhuman Primate Viruses : The isolation and characterization of

two new gibbon type-C viruses was reported (Kawakami). The new viruses were
isolated from a spontaneous granulocytic leukemic and from a clinically
normal gibbon. Both viruses have morphological, biophysical, biochemical and

antigenic properties in common with previously described gibbon/woolly monkey
type C-viruses. Other nonhuman primate and human tumor specimens examined
for evidence of infectious type-C virus proved negative (Kawakami). It was

observed that naturally immune gibbons have antibodies reactive to both viral

envelope and group specific antigens. A serological study indicated that 20

percent of gibbons examined have either antibody or infectious type-C virus.

Although antibody positive gibbons lacked plasma viremia, infectious type-C

virus could be isolated from the spleen which would indicate that antibody-

positive gibbons are carriers of type-C virus infection.

A xenotropic baboon type-C virus, M7, is being studied (Heberling) for its

ability to produce disease in experimentally inoculated nonhuman primates

and beagle dogs. A virus was isolated from a culture of squirrel monkey lung

cells treated with lUDR and cocultivated with fetal canine thymus cells.

This virus has a morphology and mode of development similar to Mason Pfizer

monkey virus (Heberling).

Search for Human Type C Viruses : A large number of hematopoietic cell lines

have been established in culture (Livingston) and when examined for sponta-

neous supernatant polymerase production yielded negative results. Ten of

these lines have been checked for Epstein-Barr virus nuclear antigen and all

are positive in at least 50 percent of the cells examined. Numerous
cocultivation and induction cocultivation experiments with these cell popula-

tions have been conducted without any evidence of type-C virus replication.

Using cell separation techniques, a rat-tail collagen substrate and a

specially formulated cell culture growth medium, epithelial-like cell cultures

from chimpanzee, human placentas and human tumors were initiated (Microbiolog-
ical Associates). The cultures are being used in cocultivation and induction
cocultivation studies and are being monitored for type-C virus for up to 20

sub-cultures. Attempts to isolate viruses from human placental tissues by

cocultivation are in progress. Several placental lines have been established
from patients with systemic lupus erythematosus and normal individuals and

are being used in cocultivation in attempts to demonstrate a human virus

(Levy).

Characterization of a virus isolate from human leukemic cells (HL-23 virus)

has continued (Wu). It was demonstrated that fresh uncultured blood cells

from the patient from whom the virus was isolated also have components related
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to those of both simian sarcoma virus (SSV) and baboon endogenous virus (BEV),

Viral isolates derived from normal human materials at other laboratories were

obtained and found to be related to SSV or SSV and BEV. Nucleic acid hybrid-

ization and antigenic analyses of the p30 and gp45 proteins indicate that the

HL-23 virus contains the simian sarcoma virus and the baboon virus in about

one to one proportion (Spiegelman)

.

Lymphoblastoid cell cultures from patients with Hodgkin's disease have shown

some evidence of type C viral information in preliminary experiments (Zamecnik)

Co-Carcinogenesis : In vitro systems for studying viral-chemical co-

carcinogenesis using known and suspected carcinogens in the environment are

being developed and evaluated. Thus, within weeks, rather than months or

yea'^s, one could test for carcinogenic potential, and only those compounds
which transform cells would need to be confirmed in animals. The tissue

culture systems developed permit screening of many times the number of

compounds possible in animals. The Fischer rat embryo in vitro transformation

system has better than 90 percent efficiency in double BTind studies in

separating carcinogens from non-carcinogenic analogs. Studies using this

assay system have centered on the transforming potential of several food

coloring agents, two drugs, one insecticide and coded samples of city smog.

The critical role of type C virus expressions in transformation of rat cells

by environmental carcinogens was confirmed when type-specific antisera (IgG),

put on the cells at the same time as chemical carcinogens {3MC, 4NQ0),

prevented the cell transformations which regularly occur in the absence of

the specific sera or when heterotypic antisera were used. This is significant

since the role of viruses in pathogenesis has been established classically

by the preventive action of viral type-specific antibodies.

B. Antigenic Characterization

Structural Aspects : Purification of individual component virus proteins has

been essentially accomplished for some of the murine ecotropic leukemia

viruses (MuLV) by several groups. The isolation, purification, and antibody

elicitation to individual viral proteins is in progress for viruses such as

AKR-MuLV, feline leukemia virus (FeLV), RD-114, gibbon ape leukemia virus

(GaLV), simian sarcoma associated virus (SSAV) and murine xenotropic virus

(MuX). Several of the virus proteins such as the p30, pl5(E), and gp71 have

interspecies (IS) reactive determinants. A spectrum of relatedness can be

constructed among the viruses based on the IS determinants (August, Bolognesi,
Gilden). Type-specific determinant is the major component of the pl2 peptide;

this is probably the best reaction for distinguishing closely related oncorna-
viruses (Gilden). Type-specific determinant is quite important for the gp71
as well. The gp71 peptide was analyzed by enzymatic digestion. Endoglyco-
sidases can remove the carbohydrate moiety whereas proteases destroy the

peptide. Antigenic reactivity and biological function are both retained
after the removal of the carbohydrate and both activities are destroyed
protease treatment (Bolognesi). The basic plO has been shown to bind to

sDNA. Because other viral proteins do not bind this is an excellent way of

purifying plO and possible precursor polyproteins (Gilden). Microsequencing
of the major viral proteins (p27-p30 group) revealed several groups of common
amino acid sequences which correspond to the degree of interspecies related-
ness. A 10,000 M.W. core may be common to all major (p30) proteins (Gilden).
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Biological and Genetic Aspects : In synchronized MuLV producing systems
abundance controls are apparent; not all the proteins are present in molar
amounts during infection (Bolognesi). Some viral proteins are localized on

the infected or normal cell surface in mouse cells. These are predominantly

gp71, pl5(E), and pl2 (August, Bolognesi). The gp71 expression of endogenous
MuLV was first detected in the liver of the embryo but later localized to some
lymphoid and epithelial organs. Some organs such as the epididymus have ^ery
large amounts of gp71 (Dixon). The variety of possible MuLV's has been
considered, cloned MuLV's are now being used and partially defective MuLV's
have been detected (Nowinski). Virus production and virus spread has been
found to be controlled by independent host genes (Nowinski).

Immunity, Natural and Induced : The gp71 elicits several populations of
neutralizing antibody, so that specific neutralization can proceed via type,
group, and IS determinants on the gp71. The pl5(E) antibody is more
complement-dependent and has a wide but unusual spectrum of neutralization
(Bolognesi). Heterologous species produce good antibody whereas the homologous
species apparently reacts predominantly to the type-specific determinant of

gp71. Normal mouse serum may recognize only the AKR-gp71 but not the FMR gp71
(Bolognesi, Dixon). The elicitation of antibody by oncornaviruses horizontally
infecting a species is complex. For example, gibbons in colonies with leukemia
have antibodies to GaLV p30 and cats in leukemia household have anti-FeLV p30
antibodies (Gilden). Active immunization of mice with gp71 is partially
successful; the disease may be prevented or retarded, but not invariably, in

a number of mouse strains (Bolognesi, Dixon). Of great interest was the
finding that FMR gp71 immunization may derepress the AKR-type endogenous
leukemia virus (Bolognesi). Seroimmunotherapy holds promise because initial
encouraging results have been reported with agp71 heterologous sera in both
mice and cats (Bolognesi).

Precursor Studies : The processing of oncornavirus peptide from polyproteins
is important because the transformation maintenance proteins may be isolated.
A precursor protein (pr) of '^70,000 M.W. has been found to give rise to the
plO, pl2, pl5, and p30 and a '^90,000 M.W. precursor may give rise to gp71
(Arlinghaus, August, Gilden). The pr70 has the additional feature that it

binds ssDNA (Gilden).

Approaches to the Human Problem : About a half of lupus erythematosus
patients are positive for the IS determinants of p30 but all of the leukemias
tested were negative (August). In other IS assays human tumors are uniformly
negative for the p30 determinants (Gilden). Activation of human or great ape
cells did not lead to the elicitation of endogenous oncornaviruses. Humans
do not have reactive antibodies to any known oncornavirus determinants (Gilden
and others). Human CGL cells do cross-react with anti-Friend MuLV gp71 sera.
The reaction is specific although the reactive determinants have not been
isolated. This reaction already greatly facilitates the diagnosis, prognosis
and the choice of treatment modality (Bolognesi).

C. Molecular Virology

The structure of the genome of RNA tumor viruses has been clearly elucidated
in the past two to three years (Duesberg, Davidson, Vogt). Viral RNA is

approximately 60-70S in size when isolated by conventional genome extraction
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procedures. One of the major questions concerning the structure of the viral
genome has been the number of viral RNA subunits per 60-70$ RNA molecule.
From fingerprinting analysis and genetic analysis (Duesberg, Vogt) the viral
RNA has been shown to consist of identical subunits in the 60-70S RNA
structure. In addition, from electron microscopic studies of the tumor virus
nucleic acid (Davidson) apparently two subunits are contained per 60-70S RNA
genome. This work has been performed with both avian and mammalian RNA tumor
viruses. This work indicates that all subunits are identical within the
60-70S genome and therefore that the structure of the viral RNA genome is

polyploid. This work has profound implication for the mechanisms of genetic
recombination by RNA tumor viruses in that recombination occurs by standard
crossing over or break-and-rejoin mechanisms as opposed to reassortment of
dissimilar subunits.

Studies of the structure of sarcoma virus RNA (Duesberg, Bishop) have
identified by fingerprinting analysis and by hybridization techniques a set
of sequences in the Rous sarcoma virus which apparently codes for the trans-
forming gene of this virus. Similar observations have been made by other
vyorkers for mammalian sarcoma viruses. This work is of fundamental importance
in attempting to identify the proteins coded for by RNA tumor viruses which
code for transformation.

Detailed studies of the DNA polymerase of RNA tumor viruses have been
conducted (Bishop, Baltimore, Spiegelman), and newer techniques have been
developed for the synthesis of full-length DNA copies more representative of
viral RNA. In future studies on the probing of primate tumors with probes
from primate viruses, such technical advances will be of great help in trying
to generate more representative probes. Another major finding on the study
of DNA polymerases has been the discovery that many cases of blastic human
leukemia contained in them an enzyme called terminal transferase. This
enzyme has turned out to be a very useful marker in clinical situations for
the diagnosis of acute lymphocytic leukemia and other acute leukemias in a

blastic phase.

Another major area of investigation in the molecular virology area has been
the study of the mechanism of restriction by the N- and B-tropism gene in
mouse cells of mouse leukemia viruses. This restriction is of fundamental
importance in trying to develop methods of preventing leukemia in that only
mouse strains with loci permissive for N or B viruses will get cancer as a

result of the replication of the appropriate virus (Tennant at Oak Ridge,
Soeiro). A molecular entity (probably RNA) was found which Inhibits the
replication of leukemia viruses (Tennant). Apparently this RNA is a product
of the cellular tropism gene and its characterization should provide great
insights into the mechanism of the restriction. Investigations are in progress
to identify the step in viral replication blocked in the restricted cell.
Preliminary results obtained by molecular hybridization techniques suggest
that viral DNA integrates in the restricted cell but is not expressed (Soeiro).
These investigations of the mechanism of N,B restriction should help to eluci-
date the mechanism of restriction of replication of mouse leukemia viruses in

nonpermissive and permissive cells. Such studies could form the basis by
which new modes of therapy and prevention are designed in the future to block
the replication of mouse leukemia viruses.
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A blocked nucleotide at the 5'-terminus of viral 70S RNA was identified

Which is of importance in allowing the translation of viral RNA (Zaniecnik,

Bishop)

.

Numerous cell lines derived from solid tumors, including both mesenchynal and

epithelial tumors were examined for the presence of type C viral information

under various conditions (Spiegelman) . The net outcome of this search has

been negative indicating that if these cell lines contain viruses they are

either nonproductive, or so poorly productive, that the methods available
at the present time for encouraging viral expression have not been adequate.

A large number of human tumors have been analyzed using highly radioactive
cDNA prepared by reverse transcription of the gibbon ape leukemia virus
(GALV) genome and no evidence of genetic information was found for GALV in

these tumors (Green).

During analysis of extracts of cultured human cancer cells for reverse trans-
criptase activity, two new DNA polymerases not previously described were
found: A DNA polymerase with some properties resembling mammalian reverse
transcriptase found free of particulate material in the cytoplasm of cells;

and a terminal transferase with the ability to add RNA or DNA units to an

RNA primer. These enzymes may serve as unique markers for human malignant
cells (Green).

D. Genetic Studies

In an analysis of the influence of the H-2 histocompatibility locus on

leukemogenesis in the mouse, H-2d mice have been shown to exhibit greater
susceptibility to viral leukemogenesis than H-2b mice. Recent studies (Lilly)

indicate this difference in susceptibility to virus-induced leukemia is due
to the fact that H-Z^ tumor cells are more likely than H-2^ cells to cease
producing virus and thereby escape from surveillance by the host immune
response to those antigens. Studies on the mechanism of Fv-2 mediated resis-
tance to erythroleukemia (Lilly) have provided evidence indicating that the
primary effect of the Fv-2 gene on leukemogenesis is mediated through an

influence on the hemopoietic environment, rather than directly on the target
cell for viral transformation. It was shown that leukemia-prone hairless
mice (HRS/J-hr/hr) exhibit significantly higher MuLV titers than the leukemia-
resistant nonmutant mice (hr/+ and +/+) providing further support for an

association between endogenous virus expression and leukemogenesis (Meier).
A xenotropic type C RNA virus was isolated from the Japanese field mouse,
Mus musculus molossinus (Meier). Thus, it would appear that genetic sequences
for endogenous xenotropic virus exist within two distantly related subspecies
of Mus and have been preserved within the Mus musculus genome prior to the
divergence of these two subspecies.

Studies concerning the inheritance and oncogenicity of endogenous RNA tumor

viruses of chickens (Crittendon) have defined single dominant genes controlling
spontaneous release of RAV-0 in two separate inbred lines of chickens. By

use of appropriate genetic crosses these dominant genes for RAV-0 production
have been shown to be located at different chromosomal loci. Analysis of the

influence of these genetic loci on leukemogenesis in the chicken should

1710

$



provide further insight into the role of endogenous type C RNA viruses in

disease. A large number of new avian sarcoma virus mutants with temperature
sensitive lesions in both replication and transformation functions have
been isolated (Vogt). Compl imertation studies utilizing mutants defective
for transformation have provided evidence for the possibility that only a

single cistron of viral genetic information may be involved in transformation
by avian sarcoma viruses.

r

I
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RNA TUMOR VIRUS STUDIES SECTION

Dr. Wilna A. Woods, Acting Head

AGRICULTURE, DEPARTMENT. PL (Y01-CP4-0214)

Title : Inheritance and Oncogenicity of RNA Tumor Viruses

Contractor's Project Director : Dr. L. 3. Crittendon

Project Officer (NCI) : Dr. Padman Sarma

Objectives : These studies make use of inbred chicken lines to define the

genes involved in controlling expression of the infectious endogenous type C

RNA chicken viruses (RAV-0) and will determine whether the RAV-0 virus is

oncogenic.

Major Findings : Progress has been made in the development of methods of

assay for RAV-0, and in understanding the inheritance of spontaneous

production of this virus. Assays for RAV-0 have been conducted in line 15

cells, which are usually, but not always, free of RAV-0 and highly sus-

ceptible to it, and turkey cells, which are equally susceptible to RAV-0

but have never spontaneously expressed gs antigen or released RAV-0.

Crosses, backcrosses, and second backcrosses of line 7, subline 2 chickens,

which spontaneously released RAV-0, with the negative line 15 chickens were

analyzed for RAV-0 production. The results are consistent with the hypothe-

sis that a single dominant gene controls RAV-0 production in line 7,

subline 2. Crosses and backcrosses of line C, which spontaneously releases

RAV-0, with line 15 were analyzed for RAV-0 production. These results also

were consistent with the hypothesis that a single dominant gene controls

RAV-0 production in line C. Crosses of line C and line 7, subline 2, were

test-crossed with line 15. If lines C and 7 carried the same dominant gene

for RAV-0 production, 100% of the test-cross progeny would have been ex-

pected to produce RAV-0. About 80% of these embryos produced RAV-0

suggesting that genes in the two positive lines were located at different loci

Evidence for a low rate of maternal transmission of RAV-0 from line 15 was

observed. It was not known if this occurred through natural exposure of

line 15 breeding stock or if an occasional line 15 embryo or adult spon-

taneously releases RAV-0.

It has also been noted, consistently, that if the RAV-0-carrying line is

introduced into hybrid males from the female side their progeny have a

higher frequency of RAV-0 than if this genetic material is introduced from

the male side. This can not be readily explained by genetic mechanisms.

Significance to Biomedical Research and the Program of the Institute : It is

increasingly apparent that many vertebrates, including primates, carry

information for complete RNA tumor virus expression, including oncogenic

potential, in their genomes. The endogenous origin of this viral information
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changes our concepts of the control of at least some types of cancer from
methods which eliminate or control exogenous viruses to mechanisms which
can suppress endogenous viral information. These studies provide another
experimental system, in addition to the mouse, where the genes controlling
production of the endogenous type C virus will be defined. They will pro-
vide another system for defining the role of the endogenous virus in

naturally occurring neoplasms.

Proposed Course : Continue to study the influence of endogenous and exogenous
RAV-0 and the presence of natural gs antigen on the incidence of lymphoid
leukosis in adult chickens.

Date Contract Initiated : July 1, 1974

Current Annual Level : $30,000

ALBERT EINSTEIN COLLEGE OF MEDICINE (NQ1-CP3-3249)

Title : Genetic and Immunologic Factors in Viral Leukemogenesis

Contractor's Project Director : Dr. Frank Lilly

Project Officer (NCI) : Dr. John Stephenson

Objectives : To elucidate the processes of host cell restriction of viral

replication, determine host immune responses to viral products of infection
and evaluate their influence on the susceptibility of different strains
of mice to spontaneous or induced viral leukemogenesis.

Major Findings : ( 1 ) Mechanism of the H-2 effect on viral leukemogenesis .

Studies of cultured tumor cells derived from Friend virus-infected spleens
of congenic mice of either H-2b or H-2^ type suggest a new concept of how
H-2 influences leukemia susceptibility. Three parameters were examined:
(i) production of infectious virus, (ii) expression of viral antigens,
and (iii) cellular and humoral immune response of syngeneic mice to these
tumor cell lines. The results suggest that H-2d mice are more susceptible
to leukemia viruses than H-2b mice because H-2*^ tumor cells are more likely
than H-2" cells to cease making infectious virus and certain viral molecules
(antigens), thereby escaping from surveillance by the host immune response
to these antigens.

(2) Mechanism of Fv-2-mediated resistance to erythroleukemia . Studies
comparing various aspects of the response to Friend virus in partially
congenic DBA/2 and D2.Fv-2'^ mice demonstrated that the Fv-2 gene exerts its

effect through the hemopoietic environment rather than directly on the target
cell for viral transformation. By comparison with highly susceptible DBA/2
mice, D2.FV-2''' mice show a reduced capacity for supporting viral replication
and producing virus-transformed tumorxells, but this resistance is not
absolute, as is their susceptibility to the viral disease syndrome. The
most interesting finding is that virus-transformed cells which grow as

colonies in DBA/2 mice will not form colonies in D2.Fv-2'" mice, but rather
grow diffusely in the spleen prior to their disappearance.
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(3) A gene of RF mice which suppresses leukemia . The expression of MuLV
in the tissues of mice of the AKR x RF cross and the parental strains has
been examined. It was found that in RF mice, extracts of various tissues
tested for infectious virus in the XC assay are always negative, but when
viable cells of RF mice are tested as infectious centers in this assay,
plaques are obtained at nearly the same frequency as with AKR cells. Thus,
it appears that RF mice can make infectious virus, but that it is inactivated
after it leaves the cells, suggesting that it is neutralized in the tissue
fluids.

(4) Superinfection of Friend virus-induced tumor cells . When Friend virus-
induced BALB/c mouse tumor cells become non-producers of infectious virus in

culture, they continue to make the viral envelope antigen (VEA), gp69/71 , for
many passage generations. As long as VEA is present, the cells are resistant
to superinfection by other types of leukemia virus; but when the cell line
becomes VEA-negative, it can be superinfected. Superinfection with SFFV-
negative strains of leukemia virus also cause the production of SFFV by

the cells.

Significance to Biomedical Research and the Program of the Institute : A

basic fact in virus tumor biology is that the genetic mechanisms of the

host exert major control over the expression of oncogenicity. By defining
the loci and markers associated with leukemogenesis, it should be possible
to undertake systematic studies of the precise immunochemical mechanisms
governed by individual genetic loci, with the objective, eventually, of
increasing or altering immunogenetic effects to provide maximum resistance
against cancer. The identification of markers associated with cancer
resistance and susceptibility could prove important in identifying cancer-
susceptible individuals or in early diagnosis of the disease.

Proposed Course : Emphasis will be placed on the study of viral and genetic
factors in influencing chemically-induced leukemia, especially in RF mice.

Date Contract Initiated : May 13, 1965

Current Annual Level : $269,559

ALBERT EINSTEIN COLLEGE OF MEDICINE (N01-CP3-331 1

)

Title : Studies on the Molecular Basis of Viral Carcinogenesis

Contractor's Project Director : Dr. J. Thomas August

Project Officer (NCI) : Dr. John Stephenson

Objectives : To isolate and purify structural viral proteins and virus-
associated enzymes; characterize their biological, chemical, and immunologi-
cal properties; and use them as probes for analysis of viral gene expression,

in tumor tissues, as agents for possible immunological control of viral

infection, and as reagents for detection of virus infection.
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Major Findings : A procedure was developed for the purification of the three
major interspecies proteins (the envelope glycoprotein (gp69/71), the major
core protein (p30), and a major internal protein (pi 5) ) from the same batch
of Rauscher leukemia virus in approximately 50% overall yield. Modifications
of this procedure are being developed to achieve purification of the reverse
transcriptase and all the other major viral proteins as well. Thus far,

preparative purification of the gp70, p70, p30, plS, pl2, plO and reverse
transcriptase of Gross leukemia virus has been achieved, but in lower yield
than from Rauscher virus. The major core proteins (p27 to p30) of murine^

feline, RD 114 and woolly monkey viruses were purified and the relatedness
of their antigenic determinants were compared by radioimmunoassay. The

murine and feline viruses appear to be closely related, as they contain
cross-reactive antigenic determinants not shared with the other viruses.

The feline virus is more closely related to the woolly monkey virus than

to RD 114. The woolly monkey virus contains interspecies determinants
shared relatively equal with each of the other viruses. The two glyco-
peptides of Rauscher virions were preparatively separated by phosphocellulose
column chromatography. Characterization of the two components by chemical

and immunochemical procedures is in progress to determine if they derive
from the same or two viruses.

High molecular weight precursor proteins of murine oncornaviruses were
identified by immunoprecipitation of pulse-labeled cell proteins with
monospecific antisera. These experiments showed that a 65,000 dalton protein
is the precursor to the p30 and pi 5 polypeptides and a 90,000 dalton glyco-
protein is the precursor of the gp69/71 component. Possible precursor
proteins of 350,000 and 260,000 daltons containing each of these proteins
were also detected.

The virion protein kinase of frog virus 3 was purified to homogeneity and
shown to be a single polypeptide of about 50,000 to 55,000 daltons. The
virion protein kinase was antigenically distinct from essentially all of
the protein kinase expressed in uninfected cells. Following infection by

frog virus, more than a 15-fold increase was detected in the specific
activity of intracellular protein kinase, and most of this activity was

antigenically related to the virion enzyme. When frog virus was grown in

cells derived from completely different species, the antigenic and bio-

chemical specificities of the virion protein kinase remained identical.
Screening of cells infected with different temperature-sensitive mutants
of frog virus indicated that certain viral mutants failed to synthesize
this protein kinase when cultivated at the non-permissive temperature.

Fifteen additional tissues from patients with lupus erythematosus were
processed for the presence of detectable concentrations of type C virus p30
protein. Approximately 50% were positive with a maximum concentration of
about 1 ng per mg of crude tissue extract. Twelve samples of different
types of human leukemia cells, including three samples of acute myeloblastic
cells, were also examined. None contained protein at a concentration higher
than that detected in tissues of normal subjects.

DNA-RNA covalent hybrids containing viral RNA were isolated from nuclear
fractions of Rous sarcoma virus-infected chicken embryo fibroblast cells
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shortly after virus infection. The formation of covalent hybrid structures
depends upon a functional reverse transcriptase in vivo since its appear-
ance in cells is temperature-dependent when infected with Rous sarcoma

virus mutant LA335, which contains a temperature-sensitive reverse trans-
criptase.

RNA transcribed in vitro from myeloblast chromatin by exogenously-added RNA

polymerase B predominantly consists of short chains that remain in hybrid

structure with the template; the remainder of the product is free RNA of

heterogeneous size. Addition of polyanions during synthesis caused an

increase in the size and amount of free RNA with a concomitant decrease in

the proportion of small RNA. The large molecular weight RNA is derived

from the short RNA chains, which are synthesized de novo during the reaction

in vitro .

RNA synthesized in vitro by HeLa nuclei contains a variety of blocked

methylated 5' -terminal structures that can be grouped into four general

types: (1) m7GppN"ip . . .; (2) m^GppNmpMnb . . .; (3) m^CpppN^p . . .;

and (4) m^CpppN^M"" .... Both N"i and Mf" can be either one of the four

2'-0-methylated nucleosides. The relative amounts of the N"^ species are

G = 45%, A = 25%, U = 20%, and C = 10%.

Significance to Biomedical Research and the Program of the Institute :

Specific protein products of virus genetic expression, purified and well-

characterized, provide the reagents to examine relationships between viruses

in terms of gene products and to search for evidence of similar viral gene

functions in human disease.

Secondly, these sub-virion proteins provide the means to determine whether

effective immunological control of vi rally-induced disease could be

instituted without complication by viral genetic material.

Proposed Course : Work on avian virus is being terminated.

Date Contract Initiated : April 26, 1971

Current Annual Level : $410,000

ALBERT EINSTEIN COLLEGE OF MEDICINE (NOl -CP4-3380)

Title : Host Restriction of Friend Leukemia Virus

Contractor's Project Director : Dr. Ruy Soeiro

Project Officer (NCI) : Dr. Ernest Plata

Objectives : To elucidate the molecular mechanism of host restriction of

Friend leukemia virus. Specific steps in viral replication will be analyzed

to determine those which are affected by the FV-1 gene restriction. Studies

focus on: (1) restriction of transcription of viral RNA, (2) failure of

stable integration of viral DNA and (3) translation inhibition of viral

proteins.
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Major Findings : Current studies have focused on the integration of proviral
DNA and on the intracellular synthesis of viral proteins. Negative strand,
viral-specific DNA has been assayed with protection from RNase of positive
strand, labeled genome RNA after molecular hybridization. This data shows
that equal amounts of negative strand DNA have become integrated into host
cell DNA in both permissively and restrictedly infected cells.

Viral protein synthesis has been investigated in the non-permissive host
cell by two methods; that of immunoprecipitation and that of the formation
of pseudotypes of VSV. The latter approach emphasizes envelope glycoprotein;
the former total viral proteins. The conclusion by either method is that
viral protein synthesis is dramatically reduced in the non-permissive cell.

Viral RNA synthesis has been followed in the non-permissive infection and
the results indicate that total nuclear and polysomal messenger RNA are all

decreased in amount by comparison with the permissive cell infection.

These data appear to rule out an assembly block or a translational block as
the mechanism for Fv-1 restriction.

Significance to Biomedical Research and the Program of the Institute :

Genetic susceptibility to cancer in humans is demonstrated by many examples.
A partial listing of apparently recessive conditions includes those
associated with visible chromosomal disorders. Downs syndrome children
have a 10-20 fold increase in incidence of luekemia. Other trisomic states
(trisomy D and Kleinfelter's syndrome) likewise have increased leukemic
incidence. Xeroderma pigmentosum, an autosomal recessive inherited syndrome,
is associated with a high incidence of skin cancer. Fanconi's syndrome
(autosomal recessive) shows increased risk of leukemia in both homozygotes
and heterozygotes . Familial cancers with apparent dominant gene(s) result-
ing in a highly penetrant genetic predisposition to cancer include the
neurofibromatoses, retinoblastoma and other embryonal tumors, pheochromocy-
toma, and polyposis of the colon. Common cancers including breast, uterine,
gastric and lung cancers all appear in increased incidence in some families.

The availability of the murine oncornavirus system, with congenic lines of
mice differing in specific loci knov\fn to be associated with resistance or
permissiveness to leukemia virus replication, serves as an excellent model
to study genetic control of tumor virus replication.

Proposed Course : Studies on the fate of input viral RNA and on the
synthesis of new viral DNA and proteins will be extended with emphasis on
the comparison of the replication of the Friend leukemia virus in restrictive
versus permissive host cells.

Date Contract Initiated : June 25, 1974

Current Annual Level: $49,636

1717



BAYLOR COLLEGE OF MEDICINE (N01-CP5-3527)

Title : Nonsense Suppressor Mutants in Mammalian Cells

Contractor's Project Director : Dr. Thomas Caskey

Project Officer (NCI) : Dr. Edward Scolnick

Objectives : To develop suppressor mutants of mammalian cell lines for
eventual use in investigating the genes involved in maintaining the
transformed state in cell cultures.

Major Findings : Chinese hamster brain hypoxanthine-guanine phosphoribosyl-
transferase (HGPRT) has been purified to homogeneity and specific antibody
was produced in sheep. Such antibody, covalently linked to agarose,
selectively removed HGPRT from crude extracts. Furthermore, ^2 5j_-|ai3gig(j

HGPRT was prepared and a sensitive radioimmunoassay is under development
to detect small quantities of cross-reacting material (CRM). These
methods provide simple means of purifying and characterizing mutant HGPRT
and potentially can distinguish nonsense from missense mutants.

Methods are now available for the isolation of temperature-sensitive
Chinese hamster mutations in HGPRT. Since many suppressed mutants are
temperature sensitive, T3 revertants are being identified. These have
high potential for suppressor genes.

Amino acid analogues were used to select resistant Chinese hamster cell

clones. Three azetidine (proline analogue) resistance clones induced by

ethyl methane sulfonate, a chemical carcinogen, have been extensively
studied. Each has the stable characteristic of resistance to 0.2y/ml
azetidine. Two of the three clones overproduce proline de novo . This
overproduction is due to rapid conversion from glutamic acid added to the
media. The glutamic proline conversion in wild-type hamster cells is

rapidly and completely inhibited by azetidine while there is little effect
on the resistant cells. These studies suggest amino acid analogues may be

useful for selecting agents for the isolation of Chinese hamster cell

clones with miltiple genetic markers. This genetic approach has succeeded
in identifying yeast suppressors upon isolation of revertants occurring
simultaneously at several loci.

Significance to Biomedical Research and the Program of the Institute :

Suppressor mutants are not "leaky" as are temperature-sensitive mutants.
As such, they have unique value for studies to elucidate the mechanisms
of virally-induced neoplastic transformation of cells.

Proposed Course : Contract was terminated December 31, 1975.

Date Contract Initiated : January 15, 1972

Current Annual Level: $49 , 235
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CALIFORNIA DEPARTMENT OF PUBLIC HEALTH (N01-CP4-3209)

Title : Studies on the Possible Role of Oncogenic Viruses in the Causation
of Cancer in Man

Contractor's Project Directors : Dr. Edwin H. Lennette
Dr. John Riggs

Project Officer (NCI) : Dr. Paul Arnstein

Objectives : Tc^ apply the new knowledge of the nature of RNA viruses to the

study of neopl|^ms of animals and man.

Major Findings : Thymic lymphomas were induced in C57/L mice by whole body

x-irradiation. Five of seven animals produced tumors which were trans-
plantable to suckling C57/L mice and subsequently to adult animals. Type C

viruses were isolated from the lymphomas by co-cultivation with normal rat
cells and a dog cell line. Irradiation of 129J mice also produced thymic
lymphomas. Attempts to isolate type C viruses from these tumors are in

progress.

Inoculation of 10^ cells of the virus-negative mouse fibrosarcoma cell line,
N275, yielded a tumor incidence of from 75 - 100%. Live cell vaccines in

a small number of animals afforded a significant amount of protection when
the immunized animals were challenged with the N275 cell line. Lymphocytes
from spleen and lymph nodes of tumor- resistant mice inoculated into normal
sucklings prevented growth of tumor cell transplants, v/hile similar
lymphocytes from non-immune mice did not interfere with tumor formation.

Immunofluorescence assay (I FA) with goat anti-MuLV/gs70 serum showed that
membrane staining on chronically infected cells was reduced in intensity and

'fewer cells stained as the cultures became confluent with age. This shows
,the importance of harvesting cultures at the proper time for use in the
.•I FA membrane reaction.

Lymphocytes from the spleens of normal 129J, NIH Swiss, and C57/L strains of
mice stained in the IFA membrane reaction for gp69/71 antigen. Cells from
the kidney and liver from the 129J mice were negative in this reaction as

were cells isolated from the kidneys of the NIH Swiss mice. Cells from the
kidney and thymus of the C57/L strain of mice were positive.

The indirect ferri tin-labeled antibody technique was used to determine the

reactivity of the goat anti-gp70 antiserum with various type C viruses.
A 1:20 dilution of the labeled antiserum tagged virus and membranes of cells
infected with MuLV and FeLV. Membrane tagging on the feline leukemia virus
infected cells was not as extensive as the tagging observed on the murine
virus infected cells.

Significance to Biomedical Research and the Program of the Institute : The
immunosuppression of mice with ATS and their subsequent tolerant state
presents unique opportunities as an experimental system not afforded in
other methods of studying human cancers. One obvious advantage is the
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availability of a solid tumor, in which the human neoplastic tumor cells
comprise the entire "malignant" component without the involvement of human
subjects. These neoplasms are produced in the mice in 10-30 days and resemble,
architecturally, well -known clinical tumor types. Thus, experiments can be

designed to test chemical, physical or biologic influences on human solid
tumors without the involvement of human subjects. The solid tumors might
respond in a manner more closely resembling spontaneous human neoplasms
than tumor cells in the more restrictive in vitro culture environment.

Proposed Course : This contract will terminate March 31, 1976.

Date Contract Initiated : June 24, 1968

Current Annual Level : $145,000

CALIFORNIA INSTITUTE OF TECHNOLOGY (N01-CP4-3306) '

Title : Electron Microscope Studies of Tumor Virus Nucleic Acids

Contractor's Project Director : Dr. Norman Davidson

Project Officer (NCI) : Dr. Edward Scolnick

Objectives : To define the structure of oncornavirus RNA and the position
of the integrated viral genome in cellular DNA by biochemical, biophysical
and electron microscopic techniques. t

Major Findings : Electron microscopic observation disclosed a common
structure for the high molecular weight RNA components extracted from
several different RNA tumor viruses. The high molecular weight complex
extracted from the virion under nondenaturing or weakly denaturing conditions
consists of a dimer with the following definite structure. Two monomer »

subunits, each with a molecular weight of about 3 x 10^, are joined close
to their 5' ends in a structure (the dimer linkage structure) which
resembles "rabbit-ears". There are two symmetrically-positioned loops on
each side of and at equal distance from the central dimer linkage structure.
The two outside ends are free and contain the poly (A) stretches; these are,

therefore, believed to be 3' ends. This structure has been established
for the RNAs of the following viruses: RD 114, BKD (the endogenous
xenotropic baboon virus), woolly monkey virus and a leukemia virus component
from the Friend virus complex. The ease of dissociation of the dimer into

two monomers and the ease of the opening of the loops are quite different
for the different viral RNAs. A suggestion, but not definite proof, that the

same structure occurs for RSV-RNA was obtained; but in this case, the dimer
dissociates into monomer units under weakly denaturing conditions. The
fact that a basically similar structure has been observed for several quite
different viruses invites the speculation that the structure is general for
many or all type C viral RNAs.

Effective methods for study of high molecular weight RNA molecules by electron
microscopy permitted development of an improved reversible denaturing agarose
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gel system for gel electrophoresis of RNA and DNA using CH^HgOH as the
denaturing agent. A convenient method for mapping poly (Aj sequences on

RNA molecules was developed.

Studies of the sequential organization of integrated proviral RD 114 DNA
were initiated. Preliminary hybridization data and studies of the

distribution of integrated sequences among different restriction fragments
were reported.

A new method of mapping the regions of sequence homology of the RNA molecules
of related tumor viruses was proposed. The cDNA transcripts from the

RNA of virus A are labeled. The labeled transcripts are hybridized to

the RNA of virus B and the regions of sequence homology then are mapped by

electron microscope visualization.

Significance to Biomedical Research and the Program of the Institute :

Successful application of the proposed methodology will make it possible to

determine precisely where the cancer virus genome is integrated into the

transformed cell DNA; i.e., whether present at one site or at multiple
sites; whether different defined portions of the genome are in different
portions of the cell. The approach used permits direct visualization of
the degree of homology between viral RNAs and is particularly important for
the comparative study of endogenous viral information and exogenous virus

infection in relation to the transformation process and tumor development.

Proposed Course : (1) Purify the cellular genes containing endogenous type C

viral information. (2) Determine if endogenous type C viruses are integrated
in a linear or permuted sequence. (3) Determine the length and position of
recombinant information in avian and murine sarcoma viruses. (4) Purify
the integrated viral DNA and adjacent cellular DNA sequences from cells

exogenously infected with type C viruses.

Date Contract Initiated : March 1, 1974

Current Annual Level : $92,181

CALIFORNIA. UNIVERSITY OF (N01-CP3-3283)

Title : Studies on the Putative Role of RNA Tumor Viruses in Human Tumor

Cells

Contractor's Project Director : Dr. Marcel Baluda

Project Officer (NCI) : Dr. Edward Scolnick

Objectives : To characterize virus-related DNA sequences detected in human

cell DNA and determine whether they are transcribed in human tumors;
characterize new isolates of putative human oncornaviruses; determine whether
these can be used to probe for the detection of putative human oncornavirus
specific DNA sequences; and investigate whether the oncornavirus DNA

sequences are restricted to neoplastic cells or uniformly distributed in all
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tissues in cancer patients and whether transcription of virus-specific
DNA sequences is limited to the tumor cells.

Major Findings : The simian sarcoma associated virus (SSAV) genome subunit
is slightly smaller than that of avian myeloblastosis virus (AMV) and
virions contain a high proportion of cellular ribosomal RNA. These findings
may explain why earlier studies using 60S RNA from purified SSAV virions
yielded a relatively high degree of hybridization (20-50%) of the viral RNA
with DNA from normal or malignant human tissues. The use of 28-30S subunits
melted from 60S RNA isolated from purified S3AV gives a much lower per-
centage of hybridization of viral RNA with DNA from normal or neoplastic
human tissues.

The size of the HL-23 (Gallo virus) RNA subunit appears to be the same as

that of SSAV (28-30S); aggregates of 50-60S appear if the viral RNA is

analyzed prior to melting. Studies on the degree of homology existing
between HL-23 virus and two viruses from subhuman primates, SSAV and
endogenous baboon virus (BEV), are underway.

DNA sequences complementary to both SSAV and HL-23 virus were studied in

cells from normal individuals and cancer patients. Preliminary results
indicated that viral DNA sequences may be present in some cells but that
these represent either a small fraction of the viral genome or are present
in only a small fraction of the cells in the tissues tested.

Significance to Biomedical Research and the Program of the Institute : The
ability of RNA tumor viruses to induce neoplasia in different species of
animals with high efficiency is well established and recent evidence
suggests that similar viruses may be involved in human cancer. The presence
in human cancer cells of type B and C particles, of nucleotide sequences
with homology to viral RNA, and of protein antigens related to oncornavirus
subviral components has been reported from different laboratories. This

contract will explore these relationships to determine the nature of the

virus-like components in human cancer cells.

Proposed Course : This contract will investigate selected human malignancies
for the presence of RNA tumor virus-related components. Specifically,
efforts will be made to (1) characterize the genome of type C RNA tumor
viruses recently isolated from human and non-human primate cells, (2) search
for the presence in human tumor cells of DNA sequences homologous to the

viral RNA and (3) investigate, at the molecular level, some basic aspects
of the interaction between these viruses and experimentally infected human
cells.

Date Contract Initiated : June 8, 1972

Current Annual Level: $107,112

r
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CALIFORNIA. UNIVERSITY OF. BERKELEY (N01-CP6-1001

)

Title: Comparative Studies on the Structure and Replication of Murine and
Avian RNA Tumor Viruses

Contractor's Project Director : Dr. Peter Duesberg

Project Officer (NCI) : Dr. Robert Bassin

Objectives : To study the RNA structure and the replication of avian and
murine RNA tumor viruses.

Major Findings : The 50-70S RNA of the Harvey sarcoma-Moloney leukemia virus
(MLV) complex consists of 30-40S RNA subunits of two different size classes.
Harvey RNA component one was completely complementary to DNA transcribed
from MLV RNA and showed no homology to DNA transcribed from NRK virus. Harvey
RNA component two was about 65% complementary to MLV DNA and about 33%
homologous to NRK virus DNA. Approximately 60-80% of the MLV-specific
-sequences in RNA component two is either a distinct molecular species or is

part of a hybrid molecule including NRK virus- and MLV-specific sequences.
I

The complexities of the RNAs of Moloney leukemia virus, reticuloendotheliosis
virus and visna virus RNAs were found to be around 3 x 10^ daltons, which is

in agreement with that found for avian tumor viruses by the same technique
(quantification of unique RNase Tl -resistant oligonucleotides).

Fingerprint analysis was used to distinguish between the poly (A)-containing
and the poly (A)-lacking30-40S RNAs of MLV. Preliminary results suggest
that these RNA species share cormion sequences as had previously been
reported for avian tumor virus RNAs.

About 3-5% of the DNA transcribed from Rous sarcoma virus RNA in an endogenous
polymerase reaction was found to consist of DNA molecules of over 2.5 x 10^

daltons. The synthesis of large DNA occurs only over a very narrow range of
an optimal Triton X-100 concentration (0.02%). The largest DNA made under
optimal conditions migrated with viral 30-40S RNA in formamide-polyacryl amide
gels and sedimented in alkali -sucrose gradients with a DNA marker of 3 x 10^

daltojns. All of the large DNA could be protected from SI \nuclease by anneal-
ing with virion RNA.

Kirsten sarcoma-xenotropic leukemia virus was used to test whether host-
modification of viral RNA is detectable. The Kirsten sarcoma-xenotropic
leukemia virus complex grows in duck cells and NRK-rat cells. The RNA of
duck cell -derived and rat cell -derived virus is being compared by gel

electrophoresis and fingerprinting. Preliminary results suggest that the .

RNAs of both virus preparations are very similar. However, small differences
were detected in the viral glycoproteins.

The large RNase Tl-resistant oligonucleotides of the non-defective (nd)

Rous sarcoma virus (RSV), of their transformation-defective (td) deletion
rputants, and of replication-defective (rd) RSV mutants were completely or
partially mapped on the 30-40S viral RNAs. The number of large oligonucleotides
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per poly (A) -tagged fragment increased with increasing size of the fragment.
This implies that the genetic map is linear and that a given RNase Tl-
resistant oligonucleotide has, relative to the poly (a)-end, the same
location on all 30-40S RNA subunits of a given 60-70S viral complex. Two
sarcoma-specific oligonucleotides were identified in the RNAs of PR-B,
PR-C and B77 by comparison with the RNAs of the corresponding td viruses.
Sarcoma-specific sequences of nd viral RNAs were estimated to map between
6.6 and 20% away from the poly (A)-end. A heteropolymeric sequence shared
partially or completely by nd and td viruses (mol . wt. = 140,000) is

followed by sarcoma-specific sequences (mol. wt. = 300-450,000) in the case
of nd sarcoma virus RNAs.

Significance to Biomedical Research and the Program of the Institute : Basic
research on RNA tumor virus structure and replication provides increased
understanding of mechanisms of viral carcinogenesis.

Proposed Course : This contract will terminate and the work will continue
under CREG.

Date Contract Initiated : June 29, 1971

Current Annual Level : $163,000
'

CALIFORNIA, UNIVERSITY OF. BERKELEY (N01-CP5-3537)

Title : Transformation of Differentiating Cells

Contractor's Project Director : Dr. G. S. Martin

Project Officer (NCI) : Dr. Charles Sherr

Objectives : To investigate the relationship between transformation by RNA
tunror viruses and the differentiation of the target cell.

Major Findings : Transformation of rat myogenic cells by avian sarcoma

viruses prevents myoblast fusion and the increase in myosin synthesis which
normally accompanies fusion; it also prevents a surface alteration associated
with fusion. A similar effect on fusion was seen after infection by Kirsten
MSV. Experiments to investigate the mechanism by which viral transformation
affects terminal differentiation have used chick primary muscle cultures;

under appropriate conditions, myoblasts in these cultures synthesize myosin
even when fusion is blocked by incubation in calcium-deficient medium. It

was found that chick myoblasts can be transformed by RSV under conditions
where uninfected cells are blocked from fusing. The effects of transformation
on myosin synthesis under these conditions are being studied.

Significance to Biomedical Research and the Program of the Institute : Many

people refer to cancer as a disease of cell differentiation. Human clinical

cases are known of teratomas and luekemias which can differentiate and be

controlled. The degree to which a tumor cell retains histological evidence
of differentiation is often used by pathologists as an indication of its
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state of malignancy. Furthermore, if tumor cells retain some of the growth
characteristics, such as hormone dependence, of the parent cell, these
properties can be of great importance in therapy. Often, if malignant cells
undergo terminal differentiation, their malignant characteristics are lost.
Thus, this study of viral transformation of differentiating cells represents
an approach which may be relevant to both diagnosis and therapy of cancer.

Proposed Course : The objective of this research is to study the relationshif
between transformation by RNA tumor viruses and the differentiation of the
target cell. These studies will use as a model system a line of myogenic
cells derived from embryonic rat muscle. These cells will be infected with
avian and murine sarcoma or leukemia viruses, and by viral mutants which
are temperature-sensitive in their ability to transform. The effects of
transformation on subsequent differentiation and the effects of trans-
formation on a cell which has already undergone terminal differentiation
will be studied using the synthesis of "muscle-specific" proteins to

monitor the state of differentiation of the cell. The process of
differentiation may, itself, affect expression of viral genes; and this
possibility will be investigated by measurements, made at different stages
of cell differentiation, of the rate of labeling by radioactive precursors
of virus-specific proteins and RNA.

Date Contract Initiated : July 1, 1975

Current Annual Level : $41,288

CALIFORNIA, UNIVERSITY OF, DAVIS (N01-CP6-1035)

Ti tl

e

: Comparative Leukemia and Sarcoma Viral Studies

[
Contractor's Project Director : Dr. Thomas 6. Kawakami

Project Officer (NCI) : Dr. Wade P. Parks

Objectives : To detect, isolate and characterize type C viruses from spon-
taneous malignancies of primates and humans.

Major Findings : Isolation and characterization of two new gibbon type C

viruses was accomplished. The new viruses were isolated from a spontaneous
granulocytic leukemic and from a clinically normal gibbon. Both viruses
have morphological, biophysical, biochemical and antigenic properties in

common with previously described gibbon/woolly monkey type C viruses. The
virus isolated from the normal gibbon can induce progressive morphological
alteration of a bovine thymus monolayer cell culture. The transformed cells
are hyper-refractive and spindle shaped. Cloned transformed cells can be
either virus producer or non-producer. Other non-human primate and human
tumor specimens examined for evidence of infectious type C virus proved
negative by methods previously reported. Although all tumors lacked
evidence of infectious virus, type C-like particles were observed in a few
specimens by electron microscopy. Monolayer and suspension cultures are
being established from many tumor specimens for further virological tests.
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A gibbon with spontaneous lymphocytic leukemia was found to be infected
with a type C virus. All organs examined were infiltrated with malignant
cells. This animal was viremic prior to being introduced into the colony
and remained plasma viremic without any clinical symptoms until leukemia
developed. Cell-free tissue extracts from the granulocytic and lympho-
cytic leukemic gibbons revealed that all organs examined contained
infectious virus. Tumor tissue from the granulocytic leukemic animal
contained the highest infectious virus titer while lymphocytic leukemic
tumor tissue contained a lower virus titer. Nonleukemic gibbons with
persistent plasma viremia have a titer of less than 10^ IV/ml

.

All experimentally inoculated gibbons can develop humoral antibody
reactive to the - irus infection. The infected gibbons can secondarily
develop either persistent viremia or antibody. The following conditions
were observed in normal gibbons over a prolonged period: freedom from
detectable infection and antibody, persistent plasma viremia without
detectable antibody and persistent antibody without detectable plasma virus.
Although antibody-positive gibbons lacked plasma viremia, infectious type C
virus could be isolated from the spleen indicating that antibody-positive
gibbons are carriers of type C virus infection. Hematological values for
the animals in the three groups cited above were comparable and within normal
values. Naturally immune gibbons have antibodies reactive to both viral
envelope and group-specific antigens (VP30). Sero-epidemiological study
indicates that 20% of gibbons examined have either antibody or infectious
type C virus while other primates lacked evidence of similar infection.
Comparison of serum proteins of normal, pre-leukemic and leukemic gibbons
suggests that the gamma globulin values of pre-leukemic gibbons were
significantly altered from the normal values.

Significance to Biomedical Research and the Program of the Institute : This
gibbon colony offers the unique opportunity for the study of type C virus-
associated leukemias occurring spontaneously in an ape. The viral materials
obtained are important as probes for related components in human cancer
cells. Comparative study of normal animals and those that develop
disease provides opportunity to obtain some insight into host factors
related to expression of disease.

Proposed Course : (1) Continue efforts to detect and isolate oncogenic
agents from spontaneous tumors of primates and humans utilizing sensitive
in vitro techniques. (2) Characterize newly isolated primate viruses and
virus-like particles in human tumors and placentas. (3) Expand epidemiologic
studies on primate viruses to determine animal carriers of the primate
viruses. (4) Continue pathogenesis studies with primate viruses in primate
species with special emphasis on the gibbon viruses. (3) Continue studies
on the immune response (humoral and cell -mediated) in gibbons.

Date Contract Initiated : November 1 , 1 969

Current Annual Level: $497,664

€
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CALIFORNIA. UNIVERSITY OF, SAN FRANCISCO (N01-CP3-3293)

Title : Study on the Role of Virion-Associated DNA Polymerase

Contractor's Project Director : Dr. J. Michael Bishop

Project Officer (NCI) : Dr. Edward Scolnick

Objectives : To elucidate the chemistry of the 4S primer for the Rous
sarcoma virus polymerase, prepare DNA transcripts of Rous sarcoma virus
RNA which are uniform copies of the viral genome and transcripts which
represent the transforming sequences. To determine the distribution of
these sarcoma-specific sequences in normal and transformed avian cells.

Major Findings : Techniques were developed for the analysis of the natural
origins of two specific genes of avian sarcoma virus (ASV) and the
mechanisms by which expression of these genes is controlled. All avian
sarcoma viruses share a closely related set of nucleotide sequences which
encode the transforming gene of the virus and which are not present in

any other RNA or DNA tumor virus. This gene apparently evolved as a normal
cellular constituent during the course of avian speciation and was
mobilized into a viral genome at some subsequent time. The gene is

transcribed into RNA in growing avian cells, both embryonic and chemically
transformed. It is not known whether the viral gene and its cellular
homologue code for functionally identical products. The role of these
putative products in cellular gene functions normally concerned with cell
division or DNA synthesis is also not known. Furthermore, the correlation
between integration of this gene into the cellular genome as part of the
ASV provirus triggering unrestricted growth has not been determined.

Homology with the gene encoding glycoprotein of the ASV envelope is

detectable in chicken DNA, but not in DNA of several other avian species
which do contain homology with the viral transforming gene. It was
concluded that these two viral genes were generated by appreciably
different means.

DNA synthesis by reverse transcriptase with ASV genome as template initiates
on a trp-tRNA hydrogen-bonded to a specific site at or near the 5' terminus
of the viral genome. The nucleotide sequence was determined for both the
entire primer and a continuous stretch of 16 nucleotides which binds the
primer to viral genome. The data require that the native conformation of
the tRNA be disrupted in order to permit binding to the genome; it is not
known how this is accomplished during viral maturation at physiological
temperatures. None of the other tRNAs in ASV can bind to the primer site
on the ASV genome, but there is ambiguity in the recognition of tRNAs by
reverse transcriptase. Hence, the ultimate determinate of topographical
specificity for initiation of DNA synthesis is the interaction between
complementary nucleotide sequences in the viral genome and trp-tRNA. The
binding site on the genome is transcribed into viral DNA (and thus
genetically conserved) in acutely infected, permissive cells.
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The genomes of the S, P and L strains of mouse mammary tumor virus (MMTV)
are indistinguishable when analyzed by competitive molecular hybrization
using the genome of P as the reference standard. By contrast, appreciable
differences can be discerned between S and P strains by the more sensitive
technique of "fingerprinting" enzymatic hydrolysates of viral RNA. The
genomes of the S and P strains have complexities ca. 3 x 10^ daltons and
are thus polyploid genomes.

Of all the rodents tested, only the genus Mus contains DNA homologous to

the MMTV genome, and probably only the species Mus musculus contains
provirus representing most or all of the MMTV genome. Inbreeding of
Mus musculus has apparently amplified MMTV provirus by a factor of three
or more compared to feral mice. Carcinogenesis by milk-borne MMTVs
probably ensues fresh infection of breast tissue and insertion of new MMTV
provirus in the tissue, whereas carcinogenesis in mice carrying virulent
MMTV-P in their gametes ensues activation of an endogenous provirus without
detectable amplification of MMTV DNA in the affected tissue.

Glucocorticoids stimulate (by a factor of 20-100) the production of MMTV
and MMTV RNA by cells expl anted from murine breast carcinomas. Stimulation
is mediated by steroid receptor protein, requires new RNA but not new
protein synthesis, and is probably due to both an increase in the rate
of MMTV RNA synthesis and stabilization of viral RNA subsequent to synthesis.
These observations provide a valuable experimental system for the further
study of the mechanisms by which steroid hormones modulate gene expression
in eukaryotic cells.

Significance to Biomedical Research and the Program of the Institute : This
group is particularly experienced in the use of molecular hybridization
and the anlaysis of nucleic acid composition and structure. They have
applied these techniques to determine how RNA tumor viruses of birds and
mice infect and transform cultured cells, how the genes of these viruses
are transmitted in the gamete of infected animals, and how the expression
of viral genes is regulated.

Proposed Course : This contract will terminate May 31, 1976, and the funds
will be transferred to the CREG program.

Date Contract Initiated : June 2, 1971

Current Annual Level : $244,511

CALIFORNIA. UNIVERSITY OF, SAN FRANCISCO (N01-CP4-3381

)

Title : Isolation of Human Xenotropic Viruses

Contractor's Project Director : Dr. Jay A. Levy

Project Officer (NCI) : Dr. Robert J. Huebner
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Objectives : (1) To establish placental cell lines from patients with systemic
lupus erythematosus (SLE) and lymphocyte cell lines from patients with
acute leukemia. Cocultivate the human cells with cells from different

animal species as an approach to virus recovery. (2) To assay sera from
patients with SLE and leukemia for antiviral reactivity.

Major Findings : Tissues from 10 human placentas were placed in culture.
Of these, three were from patients with lupus erythematosus (SLE). Spleen
bone marrow and lymphoid cells from other patients were cultured. Type C

particles were not detected in the placentas or other human tissues examined
by electron microscopy and reverse transcriptase (RT) activity was not

detected in culture fluids. Cocultivation of some placental cell lines
with a rat cell line transformed by a murine sarcoma virus enhanced
recovery of rat type C virus from the rat cells, an observation which is

under study to determine whether this represents a biological expression
of a human virus genome.

Twenty-three additional placentas from normal individuals were processed
to determine the possible presence of type C virus expression. Five of

the placentas studied biochemically had a small peak of RT activity in the

1.16-1.17 gm/cc density gradient fraction in tests with both poly rA

(dTi2_i8) 3nd poly rC(dG). A number of cultured cells from heterologous
species were inoculated with portions of these fractions and are under

observation for evidence of virus production.

Significance to Biomedical Research and the Program of the Institute :

Antigens cross-reacting with antisera specific for the p30 polypeptides
of Rauscher leukemia virus have been reported to be present in specimens
from cases of lupus erythematosus, and virus resembling type C particles
has been observed budding from human and monkey placental tissue. This

project is designed to determine whether a virus can be isolated from such

human tissues by methods successfully applied in animal systems. A virus

isolated from SLE patients would be extremely valuable for studies on

autoimmune disease and leukemia in humans in analogy with the condition
observed in NZB mice.

Proposed Course : Efforts to establish the presence of type C xenotropic

viruses in human tissues and to recover such virus will continue.

Date Contract Initiated : June 27, 1974

Current Annual Level : $133,751

COLUMBIA UNIVERSITY (NOl -CP6-1010)

Title : Replication of Oncogenic RNA Viruses and its Relation to Human Cancer

Contractor's Project Director : Dr. Sol Spiegelman

Project Officer (NCI) : Dr. Takis Papas
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Objectives : To explore the possible involvement of RNA tumor viruses in

human neoplasias and to exploit any leads that emerge for use in the diagno-
sis and therapy of cancer.

Major Findings : Investigations into the mechanism of complementary DNA syn-
thesis by the avian myeloblastosis virus reverse transcriptase were continued.
A reasonably detailed description of the enzyme activity allowed prediction
of conditions that lead to the complete and physically intact copying of
large polycistronic messenger RNAs. DNA transcripts from polio RNA and 35S
AMV-RNA that are intact representations of the entire RNA genome were
generated. Furthermore, the syntheses can be carried out under conditions
where complete and intact copies constitute essentially the sole component
of the synthesized product. In addition to providing excellent probes,
the availability of these intact cDNA transcripts also makes possible the
sequencing of the corresponding RNAs by the powerful new DNA sequencing
procedures recently developed and the mapping of specific cistrons using
fragments produced by restriction enzymes.

Characterization of the HL-23 virus isolated by Gallo and Gallagher from a

cell line established from a patient with acute myelogenous leukemia was
completed. Nucleic hybridizations and antigenic analyses of the p30 and

gp45 proteins were applied. It is quite clear that HL-23 contains the
simian sarcoma virus (SSV) and the baboon virus (BV-M7) in about one to one
proportion. These results and conclusions are in complete agreement with
those obtained by others using complementary methods of hybridization and
determination of the type-specific pl2 and pl5 antigens.

In all, 76 cell lines derived from solid tumors, including both mesenchymal
and epithelial tumors, were examined for the presence of type C viral

information under various conditions. These included induction by BUDR,
arginine starvation, and cell fusion with human cell lines (NC-37 and A204)
using UV-inactivated Sendai virus. Simultaneous detection tests on high
speed pellets from the supernatants were used to detect virus. In all of
these studies, positive controls were inserted by deliberate contamination
with SSV or RLV to insure that the procedures would detect viruses, if present.
The net outcome of this search has been negative. It is quite clear that
the long-term cultures, if they do contain viruses, are either non-productive,
or so poorly productive, that the methods available at the present time for
encouraging viral expression have not been adequate.

Important advances were made in understanding the conditions required to
avoid artifacts in radioimmunoassays (RIA) for viral-related proteins in

human tissues and fluids. A great deal of the difficulty stems from the
presence of highly active proteases in tissue extracts and in body fluids.
The specificity of these proteases is such that one cannot use an irrelevant
antigenic reaction to monitor the specificity of an observed positive RIA
test. The usefulness of a series of protease inhibitors was explored to

circumvent these difficulties; a number of these have proven extremely use-
ful. These modified RIA tests were used to detect the presence of the
proteins related to the p30 and gp45 of the simian sarcoma virus in malignant
cells as well as in the body fluids of patients with various types of

leukemias with particular emphasis on acute myelogenous leukemia. Results
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were uniformly negative when the tests were carried out under conditions
that avoid false-positive responses.

The detection of particle-related proteins in the plasma of tumor-bearing
animals was explored in the murine mammary tumor model for cancer diagnosis
and prognosis. High titer monospecific antisera were produced against
purified protein components of the mouse mammary tumor virus (MMTV). Then,

methods were worked out for the^^sj.iabgi-jng gf purified MMTV proteins
under conditions that conserve antigenic reactivity. Finally, reliable
radioimmune assays were developed. Blood samples were collected by a

collaborating laboratory for analysis at Columbia University. This

arrangement had the added advantage of supplying a double-blind component
to the effort. As a result of preliminary runs, attention was focused on

one particular MMTV protein, gp52, a glycoprotein of molecular weight 52,000.
The results to date indicate that the circulating blood of a tumor-bearing
animal contains free gp52. Furthermore, the concentration of this protein in

the plasma is a measure of tumor load. In the strains used for this study,
each gram of tumor leads to the production of 500 ng of gp52 per ml of
mouse plasma.

Experiments were set up to see what happened to this antigen following surgi-
cal therapy. Groups of animals were subjected to sham surgery, to lumpectomies,
and to radical mastectomies. The levels of the antigen were then followed
and the results were satisfyingly clear-cut. The blood levels of gp52 in

the "sham" group remained high and increased, but dropped dramatically
within 8 days in animals from which the tumor was removed. The subsequent
behavior of the antigen permitted prediction of relapse in the animals
with complete accuracy.

Significance to Biomedical Research and the Program of the Institute : A

systematic molecular biological study is being pursued to determine the

role of viruses in the genesis of human cancer. Studies demonstrated the

presence in human cancers of particulate materials possessing characteristics
unique to the known animal RNA tumor viruses. New approaches to the study
of virus-cell relationships were devised. The contractor developed data
which are highly prevocative, and his pioneering advances provide a foundation
for future investigation leading to an understanding of the virus-cell
relationship as it applies to human cancer.

Proposed Course : Malignant human cells will be probed for the presence of

nucleic acid sequences not present in non-neoplastic human tissues. Virus-
like components of particulates extracted from cells of different human
tumors will be compared and their relationship to similar components of RNA
tumor viruses will be determined. Human mesenchymal tumor cells will be

examined for the presence of antigens related to antigenic determinants of
structural proteins of known type C viruses.

Date Contract Initiated : October 29, 1969

Current Annual Level: $950,000

1731



DUKE UNIVERSITY (N01-CP3-3308)

Title : Expression of the RNA Tumor Virus Genome in Animal and Human
Malignant Cells

Contractor's Project Director : Dr. D. Bolognesi

Project Officer (NCI) : Dr. P. Fischinger

Objectives : (1) To study in detail the properties of structural components
of RNA tumor virus particles, particularly those of mammalian RNA tumor
viruses, (2) Utilize these materials for preparations of highly specific
antisera which can be applied to the analysis of cells for the presence of
similar virus gene products. (3) Develop appropriate antisera which can be
employed for detection and identification of tumor virus activities in
human malignant cells. (4) Use purified structural viral proteins and the
corresponding antisera for possible immunological control of viral disease.

Major Findings : The carbohydrate portion of the Friend murine leukemia
virus (MuLV) glycoprotein, gp71 , is not of major significance in defining
the antigenic determinants of this viral glycoprotein; treatment of this
glycoprotein with protease-free glycosidase results in removal of the major
portion of the carbohydrate without affecting the amount of protein present
or the type, group and interspecies determinants.

Distinct differences exist between Rauscher leukemia virus (RLV) or Friend
leukemia virus (FLV) and AKR mouse MuLV glycoproteins. The AKR-MuLV gp71

,

in contrast to FLV or RLV gp71 , does not compete fully in homologous as well
as interspecies radioimmunoassays with Friend or Rauscher glycoproteins.
Purified i^si.iabeied AKR-MuLV gp71 , in contrast to the RLV or FLV glyco-
proteins, reacts with normal (autogenous immune) mouse sera in direct
radioimmune precipitation assays.

A polypeptide molecule, designated pl3, can be isolated from MuLV (Friend)
after gel filtration in GuHCl . This component appears not to be associated
with the virus surface or have similar serological properties to pl5(E)
envelope antigen.

Of the various virus structural components, only gp71 is able to elicit
classical neutralizing antibodies. Type, as well as group-specific
determinants on gp71 , are reactive in virus neutralization in a C-
independent reaction.

If C is present, an inactivating effect of anti-gp71 serum on type C

viruses of the other mammalian species is also observed. A similar C-
dependent inactivation of an endogenous murine virus (MuX) and FeLV, but
not of Friend leukemia virus (FLV) or Gross leukemia virus (GLV), was also
observed with anti-pl5(E) serum. Related work with normal mouse sera
indicated that MuX was inactivated, but not FLV or GLV. However, the
inactivation of this agent was not mediated by antibody, but by a factor
in mouse serum which remains to be characterized.
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Cloned 3T3FL cells were synchronized in the Gl phase of the cell cycle and
then infected with Moloney leukemia virus. The eclipse period of the virus

could be made to vary from less than 10 to 34 hr. All virus release was

completely dependent upon, and occurred immediately after, the first
mitosis following serum reconstitution. Virus yield was not affected by

the time of virus inoculation. Viral proteins plO, p30, and gp71 did not

appear during the eclipse period of the virus. All three proteins appeared

simultaneously, coincident with mitosis, and continued to rise during the

Gl phase. The relative amounts of some of the viral proteins in the cell

did not correspond to their content in purified virions suggesting several

possible mechanisms of control.

Cytotoxic, immunofluorescence (IF), and immunoelectron microscopy (lEM)

studies with virus protein component-specific antisera on virus-producing
and/or transformed cells indicated that gp71 was, by far, the major antigen
expressed at the cell surface. Cytotoxicity studies indicated that type,

group and interspecies determinants of gp71 are all accessible to antibody

but the virus group determinants were predominant in this test. IF and lEM

indicated the presence of binding antibodies which were not necessarily
cytotoxic. The gp71 antigen is present on budding virus as well as on

other areas of the cell surface. The p30 and pi 2 polypeptides were found

only on separate patches of the cell surface.

Supernatant fluids from mouse cultures productively infected with Friend

leukemia virus were found to contain large quantities of the major virion

glycoprotein (gp71) in soluble form. In addition, p30 and lower molecular
weight virion antigens also were found but in much lesser amounts.

Immunization of STU (Schafer, Tubingen) mice with 100 pg of each of the

virus structural antigens followed by challenge with spleen-derived FLV and

plasma-derived RLV was carried out. The internal virus structural antigens

(p30, plO) did not protect against infection by these agents. Immunization
with two of the virus surface antigens, gp71 and pi 5(E), clearly ^influenced

the infectious process and leukemia development as well.

Immunization of BALB/c mice with purified gp71 of Friend murine leukemia

virus elicits both humoral and cell -mediated responses, generally of low

strength. The route of immunization is important in determining the

characteristics of the immune response. The specificity of the humoral

response is directed at the type determinant of gp71 while the cell -mediated

resF)onse appears to recognize the group-specific determinant as well.

In general, C57B1/6 mice responded to immunization with purified gp71 of

Friend murine leukemia virus more strongly than BALB/c mice; however,

cytotoxic lymphocytes were not generated. A unique feature of the res.ponse

to gp71 in C57B1/6 mice was the accelerated activation of the endogenous

virus and the development of a concomitant immune response to its distinct
envelope antigens.

Serum therapy or passive immunization warrants major consideration for'

eventual application in treatment of human leukemic diseases. Passive
immunization with goat anti-gp71 serum was clearly effective against F'LV
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and RLV infections in mice and against Feline leukemia virus (FeLV)
infection in kittens. Thus, interspecies reactivity seems to be functional
also for immunoprophylaxis.

Leukemic cells from all human chronic granulocytic leukemia (CGL) and some
acute myelomonocytic leukemia (AMML) donors are lysed by rabbit antisera
to a purified glycoprotein of Friend murine leukemia virus, FLV gp71 , in
a microcytotoxicity assay. These antisera are not cytotoxic to cells from
patients with acute myelogenous leukemia, acute lymphocytic leukemia,
chronic lymphocytic leukemia (AML, ALL, CLL) or to peripheral blood
lymphocytes from normal donors. A goat antiserum to gradient-purified FLV
in addition to reacting with cells from CGL and AMML donors also reacted
with cells from AML patients and some ALL donors. However, this antiserum
failed to react with cells from CLL patients. The antigen on CGL cells
which is reacting with the antiserum to FLV gp71 is also present on normal
human platelets and neutrophils. The antigen on AML cells detected by the
FLV antiserum is not present on normal leukocytes and platelets and appears
to be related to the major internal p30 antigens of mammalian RNA tumor
viruses. FLV gp71 antigens were able to absorb all cytotoxic activity of
monkey and chimpanzee antisera to human myeloid leukemia antigens when these
antisera were tested with CGL cells. The antigenic determinant (s) detected
by the cytotoxic reactions of the FLV gp71 antiserum with human CGL cells
is different from the determinant on FLV gp71 which is responsible for the
inhibition of the reactivity of simian antisera with CGL cells.

Four structural components (gp52, gp36, p28, plO) of mouse mammary tumor
virus (MMTV) purified from RIII mouse milk or from tissue cultures have
been isolated and purified; antisera have been prepared against all these
except plO. Radioimmunoassays and cytotoxic assays have been devised and
cells producing MMTV have been investigated with these sera in lEM. The
major glycoprotein, gp52, of MMTV is expressed on the cell surface. Some
human mammary carcinomas contain material which competes with gp52 but not
with type C virus gp71 or avian virus gp85. Some breast cancer cell lines
stain with anti-gp52 serum but not with preimmune serum in I EM. Cells
from one fresh tumor preparation displayed similar characteristics. One
of these lines can be lysed in a C cytotoxicity assay with antiserum to

gp52.

Significance to Biomedical Research and the Program of the Institute :

Although human leukemias or other tumors are not known to be associated with
replicating RNA tumor viruses, one cannot exclude the possibility that viral
genes exist in human cancer cells and are expressed as discrete antigens on
the cell surface in a fashion similar to that in animal cells. Regardless
whether or not this occurs, there is considerable evidence that many other
aspects, particularly the immunological consequences of animal and human
leukemias, are distinctly related. Therefore, an understanding of the
immunological mechanisms in the animal models which are of key importance
for host defense, coupled with protocols to artificially stimulate those
leading to effective prevention and control of the disease, is of value to

reach a better understanding of related events in human cancer. Direct
application of the principles which apply in the animal to the disease in
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humans can occur when appropriate human leukemia specific antigens are
identified and characterized, a long-term goal of this research.

Proposed Course : With the isolation of the major viral polypeptides and
glycoproteins from model mammalian type C viruses and preparation of the
corresponding component specific antisera, it is now feasible to determine
the immunological response of the host to virus infection and to approach
the development of preventive and therapeutic measures against virus-
induced diseases.

It would seem important to single out those immune mechanisms directed
against viral antigens which are involved in host defense against leukemia
and to subsequently develop protocols to artificially stimulate these
during various stages of the disease.

Finally, in an effort to directly establish the relevance of this work to

the problems of cancer in man, identification and characterization of
surface antigens of human leukemia cells will be attempted.

Date Contract Initiated : March 1, 1973

Current Annual Level : $437,240

ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION (Y01-CP6-0500)

Title: NCI-ERDA Viral Carcinogenesis Program: Regulation of Gene Expression

Contractor's Project Director : Dr. R. A. Griesemer ,

Project Officer (NCI) : Dr. C. Sherr

Objectives : To study the regulation of tumor virus expression, focusing
on molecular mechanisms in induction and repression of tumor virus genomes.

Emphasis will be placed on defining the low molecular weight RNA components
of viruses and their relation to cellular RNAs.

Major Findings : Reverse transcriptase (RT) is membrane-bound in extracts
of Rauscher leukemia virus (RLV)-infected mouse spleens and is recovered
largely in the microsome fraction upon differential centrifugation. After
chromatography on a poly (G)-Sepharose column, RT activity was recovered
in two discrete peaks: one (eluting at 0.60 M NaCl ) containing 30% of the
activity, and the remainder eluting at 0.82 M NaCl). Both are stable in

liquid N^ but remarkably unstable under virtually all other conditions
tested, including brief dialysis against concentrated glycerol solutions,
an ordinarily benign method of concentrating enzymes. Preliminary character-
ization showed the activity in the second peak is of higher molecular weight
than the first, and analysis on SDS-polyacryl amide gel demonstrated two
major protein bands but only one in material from the first peak.

The principal difference between virus induction by radiation and by
halogenated pyrimidine is that the incorporation of halogenated pyrimidines
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results in the formation of a stable "activation intermediate" which is ^
expressed as virus protein synthesis upon subsequent cell division. ^L
Irradiation of actively dividing cells at low dose-rates also results in ^*
virus induction, but does not result in the formation of a stable inter-

mediate. Induction can be achieved with relatively high efficiency by

irradiation at acute high dose-rate of parasynchronized cells in early S-phase.

The current hypothesis is that the stable intermediate state results from the

incorporation of the halogenated pyrimidines into single-strand lesions which ^
are not repairable unless photolyzed. Irradiation, on the other hand, ^
results in lesions which are repaired efficiently reversing the activated ^
state.

Studies of the interaction of chick cell tRNA and AMV 35S RNA are continuing.
Experiments with purified tryptophan tRNA showed that one tRNA^i^P per 35S

RNA is bound. Under less stringent conditions, one tRNA^ys will bind per
35S RNA. The tRNAtrp-35S RNA complex is an active template-primer in vitro ,

whereas the tRNA^y^-35S RNA complex is not. Consistent with this is the

observation that tRNA^^^P does bind to AMV reverse transcriptase, whereas
under the same conditions tRNA^y^ does not. Other results indicate that
AMV 35S RNA probably does not contain the complete sequence complementary
to tRNAtrp.

The specificity of the aminoacylation reaction and the resolving power of

the amino acid analyzer was applied to confirm that tRNAP'^^ is the last

tRNA to be thermally dissociated from AKR and RLV 35S RNA. Preliminary
results indicate that all of the tRNAPi^o isoacceptors observed in AKR cells .^
are present in the AKR 70S-associate 4S RNA. In the RD 114 virus neither ^
tRNAi^i^P nor tRNAP^^o are strongly bound to the 35S RNA. This result supports ^
the notion that the primer tRNAs which exist in RNA tumor viruses might be

specific as to the species of virus origin. Preliminary studies indicated

that particular tRNA species are associated with intracellular virus-

specific RNA of large molecular weight.

About 20 different kinds of legume seed extracts were examined for cell

membrane binding properties. There are strong binding and weak binding

lectins in different legumes and also in some seeds. The weak binding
lectins are suitable for use in affinity chromatography. There are lectins

which do not bind to normal red blood cells but do bind to leukemic cells.

Recent efforts were concentrated on weak binding lectins of two legumes,

Ulex europaeus and Pachyrhizus tuberosa (Jicama). These can be used to

specifically isolate glycoproteins from RNA tumor viruses.

Separation and purification of the RNA inhibitor(s) of viral replication is

continuing and a transfection method is being used to study the mechanism^ ^^^
of action. Procedures for reasonably reliable and reproducible transfection ^T
of mouse cells have been worked out with DNA preparations derived from MuLV ^
with various ecotropic properties. A similar restriction phenomenon in the

infection of human cells with RD 114 virus was demonstrated with extracts

from cultured cat cells and normal cat livers.

Significance to Biomedical Research and the Program of the Institute : This

project is focused on molecular mechanisms involved in viral carcinogenesis. ^|
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The problem is being investigated in terms of enzymology, immunology, cell

biology, and control of gene expression primarily in the mouse leukemia

system. The findings are being carried over into work with human tumor

cells in an attempt to understand, and ultimately deal with, the problem of

cancer in man.

Proposed Course : One of the principal objectives of this activity is to

define, in molecular terms, the cellular mechanisms by which expression of

endogenous RNA tumor virus genomes is regulated. The long range goal is

the isolation and characterization of the presumed cellular "repressors"

which act in this regulation.

There are two levels of virus-host cell interaction of primary importance.

One is at the genomic level where the critical impact of carcinogenic insult

takes place; and the other at the level of the cell membrane where RNA

tumor viruses first come into contact with the cell and where major charac-

teristics of neoplastic transformation are expressed. Particular efforts

will continue to focus on the host cell factors involved in this virus-cell

interaction.

Date Contract Initiated : July 1, 1973 (Separate Viral Oncology contract,

September 1, 1972)

Current Annual Level : $519,766

FLOW LABORATORIES, INC. (N01-CP5-3530)

Title : Studies of Type C Viruses in Relation to Oncogenic Potential

Contractor's Project Director : Dr. Raymond V. Gil den

Project Officer (NCI) : Dr. Robert J. Huebner

Objectives: To conduct immunological and serological studies of oncogenic

type C R'NA viruses associated with neoplasia. To develop immunologic,

biologic, and biochemical reagents and techniques for identification of

type C viruses and their gene products.

Major Findings : Screening of human cells by the KC cell syncytial assay has

been negative except for three lines derived from choriocarcinomas; no

evidence of viral information was obtained. Attempts to activate type C

viruses in human, chimpanzee, and gorilla cells continue to be negative.

Mouse sarcoma virus (MSV) pseudotypes of mammalian type C viruses were

prepared, studied for host range properties and used in neutralization

tests with human sera and hyperimmune animal sera. Human sera were negative

with the exception of an occasional specimen which neutralized different

viruses with no specificity. These reactions were removed by absorption

with normal cells. Rat type C viruses (RaLV) did not appear to exhibit

type-specific p30 determinants. No RaLV was detected in 51 human tumors,

and an interspecies antigen assay with RaLV p30 gave no evidence for inter-

sipecies determinants in 47 "purified" human tumor extracts. This has been
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the general experience in this laboratory with other interspecies antigen
assays. In summary, no evidence of proteinsor nucleic acids related to
known mammalian type C viruses was found in human tissues. No evidence
of antibody to virion envelope or internal proteins was found in human sera
by a variety of immunoassays including radioimmunoassay, gel diffusion,
complement-fixation, and virus neutralization.

Studies by S. A. Aaronson indicated complete correlation between virus
identification based on molecular hybridization and immunoassays of low
molecular weight polypeptides. Three members of the woolly/gibbon virus
group can be distinguished as can three members of the baboon/RD 114 virus
group by this technology. Two viruses in secondary cultures that had been
infected with a preparation from cultured human leukemic cells were
indistinguishable from SSV-1 (woolly monkey virus) and an endogenous baboon
virus identical to the M-7 isolate from P. cynocephalus .

Temperature-sensitive cell mutants were prepared for studies of virus regu-
lation and chemical -viral cocarcinogenesis. Cells resistant to thioguanine
have been obtained from stocks of KiSV NP human and mouse cells. The human
cells will be used for fusion-reduction experiments to locate the KiSV
genome and the mouse cells for studies on activation of endogenous virus
genomes. A number of clones non-inducible by lUDR have been obtained from
K234 cells. These are under analysis. Human cells containing suppressor
mutations are being prepared.

The virion plO antigen was found to bind selectively to single-stranded DNA
thus providing a unique method of purification.

A sensitive amino acid microsequencing technique was developed, reducing
required input by a factor of 10. NH2- terminal amino acid sequences were
determined for 11 type C viral p30s. These could be placed into three broad
subgroups in general agreement with immunologic data. Type- and group-
specific residues, as well as interspecies homology regions, were identified.
The initial amino acid sequence of the Mason Pfizer monkey virus is not
homologous to the type C p30 homologues. Woolly and gibbon virus pSOs are
identical through 19 residues, and RD 114 and baboon viruses are identical
through 14 residues.

A cross-reactive polypeptide core of 10,000 M.W. was prepared from several
viral p30 polypeptides by limited tryptic digestion. Precursor molecules
of viral proteins were characterized. The p30 precursor (Pr70) contains a

DNA-binding component presumably representing plO since neither p30, pl5,

nor pi 2 exhibit this property. Antiserum to a synthetic region (residues
11-21) of p30 was prepared. Other specific regions are also being prepared.
Analysis of RLV gp70 showed 20% carbohydrate content and a high degree of
type and group specificity in immunoassays.

Interspecies virus pseudotypes contain nucleic acid sequences of parental
viruses easily recognized and highly conserved (measured in years). The
B-34 virus has rat, mouse, and hamster nucleotide sequences and only hamster
proteins. The RNA subunits are 35S hamster, and 30S mouse and rat. The
latter two may be present on a single molecule. Rat cells contain a 30S RNA
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similar to that found in Kirsten and Harvey sarcoma viruses, distinct from
a 35S subunit found in rat type C viruses as well. The gibbon virus is

related to both hamster and mouse viruses, showing evolutionary divergence
characteristics based on molecular hybridization. Human and gorilla KiSV
NP cells contain the SOS RNA characteristic of KiSV and derived from the
rat. KiMuLV sequences are also found in these cells.

Virus-specific DNA (negative and positive) strands were found in newly
infected (RLV) mouse cells 40-70 minutes post-infection. Sequences of

appearance and size distribution of these unintegrated intermediates was
determined. Using labeled RLV, RNA-DNA hybrid molecules were found in both

cytoplasm and nucleus of newly infected cells.

Gibbons in a colony in which cases of lymphoma occurred have antibody to

GaLV p30 and also a cell membrane viral antigen. Normal gibbons from
other sources, with one exception (1/11 ), were negative. Some humans immunized
with RLV had antibody to RLV p30 and gp70; preimmune sera were negative.
Rhesus monkeys immunized with FeLV, BaLV, and RD 114 made p30 antibody,
with FeLV p30 being, by far, the most potent immunogen. Cats in high
leukemia incidence households have p30 antibodies; most other cats do not.

Antibody of low titer but high specificity was induced in cats by FeLV

and RD 114. In high leukemic cluster households, cats with high titers to

feline oncornavirus cell membrane antigen (FOCMA) and p30 were never

viremic; however, many with just high FOCMA titers were viremic. This and

absorption studies indicate the differentiation of FOCMA from p30.

Experiments requiring virus identification were performed in collaboration
with several NCI and VCP investigators. The bovine "oncornavirus" (BLV)

was partially characterized. This is not a type C virus since it lacks

p30 interspecies determinants, and a preferential activity with the Mg"*""*"

ion is observed in reverse transcriptase assays with rAidT-j^. This virus

seems to be horizontally transmitted in cattle and may be the cause of

bovine leucosis.

Significance to Biomedical Research and the Program of the Institute : This

contract involves an integrated effort of several groups aimed at detection
of type C viruses or their subunits in man. As a prerequisite, studies in

model systems are made to develop immunological, virological, and molecular
biological reagents and techniques. These have yielded a vast array of

highly specific typing systems, giving necessary complementary and supple-
mentary results, for virus identification.

Proposed Course : This contract will be terminated July 31, 1976.

Date Contract Initiated : February 1, 1971

Current Annual Level

:

$1 ,988,686
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FRED HUTCHINSON CANCER RESEARCH CENTER (N01-CP6-1009)

Title : An Iitmunogeneti c Analysis of Mouse Leukemia Viruses

Contractor's Project Director : Dr. Robert C. Nowinski

Project Officer (NCI) : Dr. Peter Fischinger

Objectives : To clone and characterize mouse leukemia virus (MuLV)

serologically, define the parameters of natural, humoral and cellular immunity

to MuLV, and characterize host genetic control of immune response to MuLV.

Major Findings : This is a new contract; no progress has been reported.

Significance to Biomedical Research and the Program of the Institute :

During the past several years there has been an increasing amount of data

suggesting oncornaviruses are ubiquitous in their natural hosts. Indigenous

virus can be demonstrated in apparently virus-free mice by appropriate

inductive stimuli; activation of virus production has been observed in

chemi^.ally- induced tumors. Recent studies have demonstrated that the

production or suppression of virus is controlled by several independent

host genes. With questions about the role of MuLV and its gene products in

spontaneous leukemia and in chemically-mediated oncogenesis, it is important

to exploit these findings and attempt to answer the questions raised.

Proposed Course : The following major areas will be considered: (a) the

precise characterization of endogenous ecotropic and xenotropic MuLV and

studies on the control of their expression and (b) an analysis of the

immunogenetic controls of spontaneous leukemogenesis in mice.

Date Contract Initiated : November 1, 1975

Current Annual Level : $83,828

HOPITAL ST. LOUIS (N01-CP3-3365)

Title : Molecular Virol ogical Studies on Human Leukemia

Contractor's Project Director : Dr. M. Boiron

Project Officers (NCI) : Dr. George Todaro

Objectives : To search for unique viral nucleotide sequences in the DNA

of human leukemic cells and for expression of the viral genome integrated

in these cells using murine leukemia and sarcoma viruses grown in human

and in mouse cells as a source of the synthetic DNA probe.

Major Findings : All the non-1 eukemic controls studied were negative in

terms of complementary DNA (cDNA) - cellular RNA hybridization regardless

whether the cDNA probe used for hybridization was from simian or murine

origin.

1740



Among the leukemic cases, the percentage of positive cases, that is,

those possessing virus-related sequences, was about the same whatever the
probe used for hybridization. However, two cases which were negative with
the murine probe were positive with the simian probe and one negative case
with the simian probe was scored as slightly positive with the murine one.

Moreover, some of the cases which were slightly positive when using the

murine probe were frankly positive when using the simian one and vice versa.

It seems, therefore, that there is not an absolute correlation in the

results obtained in these comparative studies.

Experiments were also designed in order to characterize the sequences
detected by the probes used. It was shown that the sequences detected
by each probe (murine and simian) were different since there existed only
9 to 10 percent homology between both probes as judged by 70S viral RNA-

cDNA cross hybridization studies. These 10 percent common sequences were
present in normal control rat cellular DNA and were ineffective for
detection of any complementary sequences in human DNA or RNA, whether from
leukemic or non-leukemic origin.

Significance to Biomedical Research and the Program of the Institute : Data

had been reported demonstrating the presence of nucleotide sequences in

human leukemia cells homologous to sequences in RNA tumor virus RNA. An

intensive study of human leukemia and Hodgkin's disease cells under this

project was initiated to provide information expanding on those observations
to determine the nature of the common nucleotide sequences, their distribution
in patients' cells, and the relationship between the presence of the common

sequences in virions and the species and nature of the cells in which
the virus is grown.

Proposed Course : This contract terminates June 27, 1976.

Date Contract Initiated : June 28, 1972

Current Annual Level : $67,700

INSTITUT DU RADIUM (N01-CP4-3219)

Title : Molecular and Genetic Studies of Rous Sarcoma Virus

Contractor's Project Director : Dr. R. Latarjet

Project Officer (NCI) : Dr. R. Bassin

Objectives : To study the replication of Rous sarcoma virus (RSV).

Major Findings : Studies have been carried out on infectious DNA found in

permissive and non-permissive cells transformed by RSV, and in cells infected
by avian lymphomatosis viruses. Investigations focused on improving the

assay of infectious DNA recovered from Rous cells.
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Cellular events required for infection and transformation of chick embryo
fibroblasts with RSV and the duration of the latent period of viral

replication were studied. In unsynchronized chick embryo fibroblasts (CEF)

infected with RSV, some cells release virus as early as 45 minutes after
infection, suggesting a critical event required for infection is present in

these cells at the time of infection. Studies with synchronized CEF
cultures indicated that cellular events occurring during G2 of the cell

cycle may be required for viral replication and for cell transformation.
Ethidium bromide inhibition of integration of the viral genome did not

decrease the efficiency of infection, indicating that this event is not
the critical one.

Studies have been carried out to determine the reasons for non-permissiveness
of RSV- transformed mammalian (Hamster BHK21 ) cells and the mechanism of
virus induction following fusion of their cells with permissive cells. The
data obtained indicate that certain gs proteins are expressed to a higher
degree in the virus-producing and the most inducible cells transformed with
RSV than in non-inducible cells. Some of the gs proteins can, furthermore,
appear at the surface of the most inducible cells. Viral gp85 can also be

expressed in the latter cells and appear at the surface. However, the

main difference between virus-producing or easily inducible virogenic cells
on one hand and non-inducible or poorly inducible virogenic cells on the
other is that some of the gs non-glycosylated proteins, other than p27,
and gp85 are expressed only at the cell surface in the former cells.

In normal CEF, group-specific proteins, notably p27 and gp85, are present
in the cytoplasm and at the surface of the cells and in higher concentrations
in cells from gs+h+ chicken strains than in those from gs"h" strains.

The proportion of viral RNA sequences in nuclear pre-messenger mRNA was

measured by hybridization with the cDNA made in vitro by reverse trans-

criptase. Results indicate that up to 25% of this RNA fraction is virus-

specified in chicken fibroblasts infected and transformed by RSV. In

contrast, in BHK21 non-permissive, transformed cells there is no enrichment
in viral sequences in this fraction. The level of inducibility, which

parallels the level of expression of the viral antigens, appears to depend
on the level of transcription of the proviral DNA.

In CEF cultures infected at low multiplicity by various strains of RSV, foci

of transformed cells are accompanied by foci of untransformed cells which,
contrary to uninfected CEF, stain with methylene blue (MB). Temperature
shift experiments with foci produced by the T class ts mutant, FU-19, have

shown that these untransformed but stainable foci are precursors of the

transformed foci. Furthermore, when foci produced by FU-19 are shifted from

37C to 41C, they "detransform" to foci of untransformed stainable cells and,

eventually, to foci of untransformed unstainable cells. Stainability with
MB is accompanied by a release of topoinhibition of both DNA and RNA
synthesis at 37C, and of RNA but not of DNA synthesis at 41C. On the other
hand, no stimulation of growth of NR cells is observed after infection with

RAVI, RAV2, or RAV50, or with AMV. Hence, the capacity to stimulate the

growth of NR cells is restricted to sarcoma viruses. No stimulation was

observed with an NT mutant derived from SR-RSV.
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Bryan high titer strain (BH-RSV) can stimulate the growth of NR cells at

37C but fails to transform them, whereas it produces foci in CEF cultures.

This finding confirms that BH-RSV must be partially defective for trans-

formation at 37C and supports the conclusion that the viral transforming

information may consist of two distinct informations, one of which controls

morphological transformation and the other which stimulates cell division.

Transformation-enhancing factor (TEF) has been demonstrated in the

culture medium of RSV-transformed permissive (CEF) and non-permissive (RS2)

cells, but not in the medium of normal CEF or of non-permissive cells (BHK21)

from early passages. TEF is also produced in the medium of BHK21 cells

passaged for a long time, and this production of TEF may be related to the

loSs of topoinhibition of cell growth or, alternatively, the acquisition of

the capacity to produce TEF may be the cause of release from topoinhibition.
TEF may be the end product of the metabolic chain controlled by the viral

transforming information. The active fraction of serum-free medium of RS2

cells filtered on Ami con membranes has a molecular weight between 10^ and

3 X 10^ daltons. This appears to differentiate TEF from the plasminogen
activator reported by Ossowski and also from the overgrowth-stimulating
factor of Rubin.

A series of synthetic analogues of S-adenosyl -homocysteine (SAH), which is

a potent inhibitor of most transmethylases, was tested for effect on focus

formation by SR-RSV and replication of this virus. A number of analogues,

but not SAH, were found to inhibit focus formation by 80-100% when added

for 2 days from the time of infection at concentrations which proved to be

only cytostatic for normal CEF. The most active analogue was found to be

5'-deoxy-5'-S-isobutyl adenosine (SIBA) which inhibits focus formation as

efficiently when it is added for 2 days only beginning 4 days after

infection, as when it is added for the same period beginning immediately

after infection.

When CEF cultures are transferred from serum-containing medium to serum-free

medium, cell number still doubles during the first 24 hours. An important

DNA synthesis occurs during the first 12 hours; RNA synthesis also decreases

but only after several hours. Therefore, cells contain stable molecules

required for DNA synthesis and mitosis which can be used for another round of

cell division before breaking down.

If medium is renewed between 22 and 24 hours after the addition of serum to

standard cultures a second round of synchronous division is induced, with a

Gl phase of only 1-2 hours and an overall duration shorter than that of the

first round, suggesting that some stable molecule(s) synthesized during the

first round of division is ready to be used for the next division. Serum

stimulated DNA synthesis and cell division is not dependent on cell density.

Batches of calf serum vary in their ability to elicit the growth of CEF; the

low activity of some sera is not due to an inhibitor. The higher the

concentration of serum added, the higher also was the peak of the S phase,

suggesting that the number of cells entering mitosis following addition of

serum depends essentially on the amount of growth factors, and that serum

increases the probability of cells arrested in Gl will start DNA synthesis

and divide.
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Significance to Biomedical Research and the Program of the Institute :

Because of the profound similarities between oncornaviruses, Rous sarcoma
virus (RSV) is an excellent model system for the study of these viruses,

including those which can be expected to be found in human leukemias and

sarcomas or other tumors. Rous sarcoma virus is, today, the best known and
most easily studied oncornavirus.

Proposed Course : This contract terminated October 15, 1975.

Date Contract Initiated : October 15, 1973

Current Annual Level : $52,000

JACKSON LABORATORY (N01-CP3-3255)

Title : Natural Occurrence of RNA Tumor Viruses (Genomes) and Host-Gene
Control of their Expression

Contractor's Project Director : Dr. Hans Meier

Project Officer (NCI) : Dr. Robert J. Huebner

Objectives : The primary objective of this contract is to achieve an under-
standing of the mechanisms underlying the genetic determination of sus-

ceptibility and resistance to cancer and the RNA tumor viruses. The

Jackson Laboratory is a unique source of highly inbred mouse strains. These
are used to define specific gene influences on type C RNA virus/genome/tumor
expressions under natural conditions, and the influence of environmental
and other factors (carcinogens, aging) on host gene controls of oncogene
and virus expressions.

Major Findings : (1) Leukemia-prone hairless mice (HRS/J-hr/hr) have
significantly higher murine leukemia virus (MuLV) titers than the leukemia-
resistant, non-mutant mice (hr/+ and+/+)- This difference is ascribed to

the allelic substitution at the hjr or a closely-linked locus; it is greatest
(more than 5-fold) at 6 months to a year of age and coincides with the

largest divergence in leukemia incidence (45%) among the mutant and non-

mutant mice. Significant differences among genotypes (hr/hr and hr/+ vs +/+)

occur in levels of IgG-] and IgG2 at 10 weeks. (2) Linkage of the immuno-
globulin heavy chain locus, Ig-T , and the serum pre-albumin locus. Pre, was

established. The estimated map distance is 11.4 + 2.4 centimorgans.

(3) The aid gene of the AKR/J mouse was located. Although ald^ is not a

sufficient cause for leukemia, it may be a minor contributing factor.

(4) A syncytial plaque assay (SXC) for MuLV was developed which utilizes a

single cycle of infection, thus allowing quantitation of virus-producing
mouse cells in 3 to 4 days. The test is equally sensitive to the UV-XC

plaque assay for tissue culture-adapted MuLV, but less sensitive to in vivo-

derived MuLVs which require a longer latent period than in vitro-adapted

MuLV. (5) A type C RNA virus was isolated from the Japanese field mouse,

Mus musculus molossinus . The demonstration of an endogenous (xenotropic)

virus from a subspecies of Mus , and of different geographic origin further
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supports the presence of viral genetic determinants in the evolution of
Mus sp. (6) Clear-cut segregation of p30 e>ipression, consistent with single
gene determination, was observed in seven SHXL RI lines. The recessive
gene for p30 positivity may be identical to the Mlv-1^ allele found in

B10.Ds(58N), This possibility will be tested by crossing SWF/J with
C57BL/10Sn( Mlv-lP/Mlv-lb ) and B10.D2(58N) ( Ml v-lVMl v-l^ ) and examination
of the p30 expression in the F-. and segregating generations, (7) In a

collaborative study with the USC, an attempt was made to control type C

viral activity and prevent lymphoma development and hind leg paralysis in

Lake Cassitas mice by crossing them with C57BL/10J mice that are both
Fv-1^ and M1v-1*^ . (8) Development of congenic mouse strains for one AKR
virogene is underway; other congenic strains are being bred to study and
clarify the role of H-2 and complement in leukemogenesis. (9) Clear-cut
differences were found in mouse mammary tumor virus (MMTV) gp52 and pi

4

expression in milks of second parity females, 8 to 13 days postpartum, of
several BXH lines. These differences in antigen levels primarily reflect
genetic transmission of MMTV as they are independent of the strain of the
mother. (10) A single injection of diethylnitrosamine (DEN) yields
different carcinogenic effects in strains AKR/ J, SWR/J, and C57BL/6J. The
possibility of an interplay of DEN and other chemicals with endogenous
xentropic viruses is being explored in the causation of the induced tumors,
especially in strains SWF/J and C57BL/6J. (11) The synthesis of
cholesterol appears to be an essential prerequisite for the successful
initiation and completion of the cell cycle in lymphocytes after phyto-
hemagglutinin activation.

Significance to Biomedical Research and the Program of the Institute : It

is now possible, genetically, to ameliorate or eliminate cancer in a mouse
throughout its natural lifespan through breeding. By identifying the genes
and loci involved in cancer susceptibility and the immunological and
physical markers associated with the "high cancer" genes, it is now possible
not only to identify the highly susceptible animal, but to study the
biochemical, immunological and metabolic mechanisms controlled by these
genes. The development of this information will help (1) elucidate markers
to identify the cancer-prone individual; (2) determine how the genes
operate in regulating the natural oncogene, with the goal of correcting
deficiencies associated with the switching on of cancer cells in susceptibles.

Proposed Course : (1) Further development, characterization, and uses of
recombinant inbred lines. (2) Study of the association of the viral group-
specific antigen and complete virus with tumor development. (3) Determination
of the relationship between genes controlling and influencing the expression
of murine leukemia virus. (4) Study of the genetic control of endogenous
AuLV expression. (5) Studies with chimeric mice. (6) Study of genetic
control of viral -chemical carcinogenesis.

Date Contract Initiated : May 2, 1967

Current Annual Level : $521,317
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LITTON-BIONETICS, INC. (N01-CP6-1029)

Title : Studies on Molecular Events Leading to Transformation by RNA
Oncogenic Viruses

Contractor's Project Director : Dr. Alan M. Wu

Project Officer (NCI) : Dr. Robert Gallo

Objectives : To characterize virus-like particles in human leukemic cells
with respect to DNA polymerase and nucleic acids and characterize and
purify viral reverse transcriptases from mammalian viruses, especially
primate type C RNA tumor viruses.

Major Findings : Putative human type C virus isolates from a leukemic
patient were propagated in secondary cell lines. These viruses have
proteins and nucleic acid sequences highly related to components of the
woolly monkey sarcoma virus (SSV-l) and the M-7 baboon endogenous virus
(BEV) but to a lesser degree to those of gibbon ape (GaLV) and murine
(MuLV) leukemia viruses. Fresh uncultured blood cells from the patient
from whom the virus was isolated also have components related to those
of both SSV and BEV. Small quantities of other viruses derived from
human materials were analyzed and found to be related to BEV. Evidence
of a possible endogenous RNA-directed DNA polymerase from mitogen-
stimulated lymphoblasts from pooled "normal" donors has been obtained.

Measurement of intracellular viral proteins and extracellular virus
production indicates that control of expression of xenotropic virus from
BALB/3T3 cells non-productively transformed with Kirsten murine sarcoma
virus is mediated at least at two sites; one translational or earlier,
the other, post-translational . These sites are not observed during
production of the N-tropic virus. Two forms of reverse transcriptase from
Rauscher leukemia virus (RLV) were detected, one of high molecular weight,
the other of low molecular weight.

A DNA transfection assay was developed and is now being refined. JLSV-10
cell DNA can transfect a virus with a host range identical to that of RLV,
the virus produced by JLSV-10 cells. Preliminary results have also been
obtained using DNA from leukemic cells, indicating a possible transfection
of information affecting cell growth characteristics and morphology.

Attempts to find new sources for the growth and differentiation of
myelogenous blood cells have not been successful. Factors have been
obtained which promote either growth or differentiation alone.

Significance to Biomedical Research and the Program of the Institute : The
knowledge acquired is applied to the determination of the etiological
relationship of viruses to leukemia in humans, to the development of
diagnostic and prognostic modalities for human cancer, and ultimately, to
the development of more effective control measures.
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Proposed Course : Studies will continue to further define the nature of the

virus-like activity expressed in human leukemic cells.

Date Contract Initiated : September 1, 1972

Current Annual Level : $409,554

MASSACHUSEHS INSTITUTE OF TECHNOLOGY (N01-CP5-3562)

Title : Studies on the Leukemia Virus DNA Polymerase and Terminal
Deoxynucleotidyl Transferase

Contractor's Project Director : Dr. David Baltimore

Project Officer (NCI) : Dr. Edward Scolnick

Objectives : (1) Carry out a detailed analysis of DNA polymerases from DNA
tumor virus particles and from normal and neoplastic cells. (2) Study the

mechanism of double-stranded DNA synthesis by the avian myeloblastosis
virus DNA polymerase and the functions of the subunits of the enzyme.

(3) Study the behavior of temperature-sensitive polymerase from Rous

sarcoma virus mutants. (4) Investigate the intracellular form of the

murine reverse transcriptase, the behavior of the cellular DNA polymerases
in infected cells and variation in DNA polymerases in various stages of

cell growth. (5) Analyze numerous human and animal tumor and normal cells

for terminal transferase.

Major Findings : Terminal deoxynucleotidyl transferase (TdT), which is

present in all blast cells from patients with acute lymphoblastic leukemia
(ALL), has also been found in blast cells from other clinically defined
leukemias: one-third of 22 chronic myelogenous leukemia (CML) patients,
two of three acute undifferentiated leukemias, and one of two acute

mononiyel ocyti c leukemias. None of nine acute myelogenous leukemic (AML)

patients had enzyme-positive cells. This implies derivation of the

malignant cells from a common lineage in spite of heterogenicity on a

morphological basis. Substantiating evidence was obtained in a collabor-
ative study with Dr. Melvyn Greaves of University College London, London,

England. Using specific rabbit anti-ALL sera, a subgroup of blast crises

CML patients both showed reactivity to the anti-ALL serum and were enzyme-
positive; no enzyme was found in anti-ALL negative cells.

Bovine leukemia cells were uniformly TdT negative, suggesting that the

disease is a chronic lymphoid leukemia (CLL) similar to that seen in man;

blast cells from four CLL patients studied were enzyme negative.

Expression of TdT activity, when expressed either on the basis of the

number of cells or of total protein, failed to reveal any significant
variation at any point in the cell growth cycle, suggesting that TdT does

not play a role in the DNA replication of cells which express the enzyme.

However, since the enzyme has been shown with some certainty to be a

marker for pre-T-lymphocytes in normal animals, the likelihood increases
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that the enzyme is involved in the final maturation of T-lymphocytes and
that it may well be a somatic mutator.

A radioimmunoassay for TdT has been developed by preparing a mouse
antiserum to calf TdT. No cross reactions were noted to calf DNA
polymerases a and 3, E. coli DNA polymerase I, or Moloney leukemia virus
reverse transcriptase. Human and murine TdT shared cross-reacting, but
not identical, determinants with calf TdT. Cortisone affects cells
carrying chromatographic peak I (bone marrow) enzyme less than those
carrying peak II (thymic). The recovery course of TdT activity in

cortisone-suppressed thymocytes suggests that the initial increase is

due to migration of cells from marrow, followed by maturation to the
typical thymocyte type. Studies in mice using cytotoxic antibody
specific for TL and Thy 1.2 antigens strongly suggest that at least a

portion of the TdT in the bone marrow is associated with pre-T-lymphocytes.
TdT is thus clearly the earliest marker yet found in T-cell development.

Conditions have been developed allowing full length in vitro transcription
of the viral genome using viral reverse transcriptase and 70S RNA, cDNA
copies of different nucleotide lengths are preferentially found under
defined conditions of deoxynucleotide triphosphate concentrations. This
provides excellent sources of probes for molecular hybridization. Structural
and sequence stop conditions have been defined. The tRNA primers for RSV
(tRNA*''^P) and murine leukemia virus (tRNAP'^°) have been determined.

The first 18 nucleotides synthesized by both RSV and MuLV have been
determined and are remarkably similar. Furthermore, in vitro products of
discrete length were initiated with a tRNA primer at a unique site along
the 35S genome and grew by linear extension along a unique sequence.

Significance to Biomedical Research and the Program of the Institute : The
occurrence of terminal deoxynucleotidyl transferase in blast cells from
several clinically defined types of leukemia suggests that, although
clinically classified into heterogenous categories, enzyme positive cells
may be biologically related to each other, and presumably to the cells

which normally express the enzyme. This commonality of origin may be

exploited for prognostic purposes. The enzyme may also prove to be a

major factor in development of immunological specificity.

Characterization and production of defined cDNA probes will allow more
development of more sensitive probes for viral genetic information in

human tissues.

Proposed Course : (1) Use of TdT radioimmunoassay in prognosis of
vincristine/prednisone responsiveness in blastic CML and for intracellular
localization.. (2) Development of differential biochemical or chromato-
graphic assays for marrow and thymic TdT. (3) Use of nude mice for
determining the mechanism of the biological function of TdT. (4) Determina-

tion of the time course of TdT development during viral leukemogenesis in

mice. (5) Study of the mechanism by which suboptimal magnesium concentrations
promote more extensive reverse transcription. (6) Sequence analysis and

mapping of the MuLV genome.
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Date Contract Initiated : May 1 , 1971

Current Annual Level : $142,055

MASSACHUSETTS GENERAL HOSPITAL (N01-CP3-3366)

Title: Characterization of Nucleic Acids of the Avian Myeloblastosis Virus

Contractor's Project Director : Dr. Paul C. Zamecnik

Project Officer (NCI) : Dr. George Vande Woude

Objectives : To determine the possible molecular mechanisms by which
oncogenic viruses change the metabolism of susceptible host cells. To
define this system, long range biochemical studies on the RNAs of AMV
were initiated and involve the chemical characterization of the nucleotide
structure of viral RNAs and biochemical functions of the viral RNA fractions
as measured by their activity in conjunction with RT from the virus and
the ability of the 4S RNA fractions to accept amino acids.

Major Findings : The sequence of nucleotides adjacent to the 3'-terminal
poly(A) sequence of avian myeloblastosis virus 35S RNA has been determined
by means of primer-initiated template copying, using purified reverse
transcriptase enzyme from AMV. Synthesis of complementary DNA was
initiated by oligothymidylic acid primer hybridized to the poly(A) sequence
of the template RNA. The first two nucleotides added onto the oligo-
thymidylic acid primer are both G residues; the sequence of 35S RNA is:

-CC poly (A), assuming that reverse transcriptase enzyme faithfully makes
Watson-Crick base pairs.

A more specific oligonucleotide primer molecule d(pT) gpdG was synthesized
by chemical methods. Preliminary data clearly demonstrate that the

sequence of approximately 15 nucleotides added onto d(pT) pdG primer is

quite different than the sequence of 8 nucleotides added onto endogenous
4S primer RNA in AMV 70S RNA. These results strongly suggest that initia-
tion of replication of AMV RNA does not commence immediately adjacent to

the 3 '-terminal poly (A) sequence present in 35S subunits of AMV RNA. Our
new post-isolation 32p_-|abeling technique was applied to the 5'-end group
analysis of 35S AMV RNA. The majority of the 5 '-ends of the 35S AMV RNA
are dephosphorylated (5'-0H) yielding a molecular weight of 2.4 x 10^. The
5 '-terminal group of 35S AMV RNA was identified as i^q^P*^?

^''^'^ ^ small

population of ppApGp.

An enzymatic process which has been known to react with di- and tri-

phosphorylated nucleotides was applied to the post-isolation labeling of

a high molecular weight RNA species with a diphosphorylated 5'-end. When

the 70S AMV RNA was reacted with (3h)ATP, L-lysine and purified lysyl-tRNA
synthetase, which was completely free of nuclease activity, the ^h-

(adenosine-5' ) triphosphate derivative of the 70S AMV RNA was produced
and isolated. It was shown that ppGpp and pppGpp (the stringent response

produced nucleotides) react yery rapidly in the lysine activating system
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or in a wheat embryo cell -free protein-synthesizing system, to yield
unique new products.

Optimal conditions have been obtained for labeling of alkali-stable,
TCA-precipitable material using ^^S-methionine or ^H-leucine. A three-
fold stimulation on the addition of heated 70S AMV RNA to a preincubated
Sephadex-treated wheat embryo system is normally achieved under these
conditions. The bulk of the counts obtained upon stimulation by the viral
RNA are in proteins, many of which travel with wheat embryo proteins.
Only a ^ery small percent appear to be viral -specific proteins. When 70S
RNA was heated to obtain the 35S RNA following sucrose gradient fraction-
ation, a pooled RNA fraction sedimenting between 8 and 20S gave as much
stimulation on a molar basis as that from the 35S RNA pooled peak. This
indicates that the effective mRNA present in the viral 70S RNA could be

between 30,000-800,000 molecular weight, and may not be the 35S RNA
material itself.

Several tissue culture lines from spleen of patients with Hodgkin's disease
represent tissue from "positive" spleens containing tumor nodules, or
"negative" spleens, free from histological evidence of Hodgkin's disease,
although proven disease exists elsewhere. Supernatant medium from the FQ

line showed consistently positive reverse transcriptase levels 1-4 days
after treatment with lUDR, but not in the absence of lUDR. These levels
again receded to a questionable level a week after lUDR treatment. Type C

particles in these lUDR-treated cell cultures, but not in untreated
cultures, were demonstrated by electron microscopy after intensive search.

A variety of cell lines was collected for potential viral rescue studies.

Cocultivation of a line of cells from an agammaglobulinemic human embryo
(Q023), a bovine trachea line (BT), and a dog line (CF2th) with FQ line
Hodgkin's cells resulted in cytopathological effects (CPE) on the indicator
cells, plus an increase in the frequency of multinucleation in the FQ line
cells. The CPE is maintained consistently with additions of fresh
indicator cells (Q023 or BT). Since the Q023 cells are of non-malignant
human origin (passages 25-30), this is a particularly pertinent
cocultivation.

The most dramatic appearance of reverse transcriptase activity in the FQ

cell line occurred following passage of these cells into nude mice, with
development of malignant tumors bearing the histological characteristics
of lymphosarcomas. These tumors were shown to contain human hyperdiploid
chromosomes. The monolayer cultures showed bizarre nuclear characteristics
of a sizeable fraction of the cell population. An abundance of type C

particles in the cells, and consistently high reverse transcriptase
activity without lUDR stimulation were found. The type C virus rescuable
by addition of cell -free supernatant material from the mouse-passaged FQ

cells to a cat line (S+ 81), HUT, and a mouse (S + L-) line behaved like

a mouse virus. Therefore, further study of the FQ cell line passaged
through the nude mouse would present problems as to whether the virus was

a hybrid mouse-human virus or entirely murine.
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Three lines of cells from Hodgkin's spleen cultures have grown in suspension.
One of these, the Ki line, evoked the passage of a DNA-containing particle
into the culture medium. Herpes particles, in abundance inside the
nuclei of the Ki cells, plus herpes particles on the outer. perimeters
of the cells were visualized and identified as EB virus. The labeled
DNA of this virus has a density which appears to differ from that of
other herpesviruses. However, sufficient undegraded DNA from the
processed cell supernatant fluid from the Ki cell suspension has not been
available to pursue the question of whether the DNA obtained differs
crucially from that of known EB virus.

Several cell lines from Hodgkin's cultures were tested for interferon
production. The Ki line produced 300 interferon units per ml of medium.
This is the highest level of interferon production, to date, in unstimulated
human cells. Ki cells, however, are not further stimulated by Sendai

,

Newcastle, and Semliki Forest viruses.

Investigation of the B and T cell lineage of neoplastic lymphocytes has

continued. Lymph node cells from more than 60 malignant lymphomas and
peripheral blood cells from more than 80 patients with chronic lymphocytic
leukemia have been examined so far. Chronic lymphocytic leukemia and all

varieties of lymphocytic lymphoma are B cell disorders. At least two,

and probably three, Bcell species can be recognized by cell -surface study.
Cells from chronic lymphocytic leukemia and diffuse well -differentiated
lymphocytic lymphoma have sparse amounts of surface immunoglobulin, while
the cells of diffuse poorly-differentiated lymphocytic lymphoma have large
quantities of this surface protein as indicated by brilliant fluorescence
of cells stained with anti-immunoglobulin antisera. Nodular lymphoma may
represent a third B cell subtype with intermediate quantities of surface
globulin. The circulating cells in the Sezary syndrome are T lymphocytes,
and the Hodgkin's disease lymph node is composed predominently of T cells.

Significance to Biomedical Research and the Program of the Institute : This

project was initiated in the expectation that elucidation of the nucleotide
sequences of the 70S RNA of AMV and possibly other oncogenic RNA viruses
might reveal segments active in specific functions and as binding sites of
viral polymerases or inhibitors, thereby increasing our knowledge of
transcription processes.

Proposed Course : This contract will terminate June 28, 1976.

Date Contract Initiated : June 29, 1971

Current Annual Level: $140,000
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MICROBIOLOGICAL ASSOCIATES, INC. (N01-CP4-3240)

Title : Viral -Chemical Carcinogenesis Studies ^Pl^'

Contractor's Project Direct or: Dr. M. Lee Vernon

Project Officer' (NCI) : Dr. Robert J. Huebner

Objectives : To develop, evaluate, standardize and apply in vitro systems ^
for studying viral -chemical cocarcinogenesis using known and suspected ^
carcinogens in the environment. Utilize and complement in vitro systems
to elucidate viral and cellular components in cell transformation, including
the role of endogenous viruses. Utilize cell systems to study potential
anti-cancer products, including viral vaccines, viral inhibitors, etc., to

elucidate the role of type C viruses in transformation. Utilize and
adapt subhuman transformation and viral induction procedures to studies
of human tumor and transformed cell lines for assaying suspected chemical
carcinogens. Study the effect of viral vaccines, viral inhibitors, inter-
feron and/or genetic regulation of endogenous virus on naturally occurring
and chemically induced tumors.

Major Findings : The original Fischer rat embryo cultures developed at
Microbiological Associaties can be used as a chemical transformation assay
system only to approximately subculture 120, due to spontaneous transformation
beyond this point. Forty cell clones from subculture 94 were isolated
and tested for transforming efficiency. Four groups of clones are available
for use in future studies: clones transforming spontaneously within a

known number of subcultures, clones sensitive to transformation that do

not require preinfection with a type C RNA virus, clones requiring pre-

infection with a type C RNA leukemia virus, and clones insensitive
to transformation by polycyclic hydrocarbons. Studies using this assay
system have centered on the transforming potential of several food-

coloring agents, two drugs, one insecticide and coded samples of city smog.

The xenotropic virus, ATS 124, was found an effective substitute for the

ecotropic virus used in the rat embryo cell transformation assay system.

Substantive evidence has been gained indicating that long-term chronic
infection with rat leukemia virus can lead to transformation. A novel

type C RNA virus with defective RT activity and low biological infectivity,

was isolated from cytosine arabinoside (ara-C) transformed hamster embryo

cells after one in vivo passage and re-establishment in culture. Experi-

mental evidence was obtained that Rauscher murine leukemia virus (RLV)

suppressed DNA repair, and that viral integration is required for the

accelerated transformation in the Fill -RLV assay system.

The Fischer rat embryo jji vitro transformation system has better than a

90% efficiency in double-blind studies in separating carcinogens from

their non-carcinogenic analogues. To increase the efficiency, a collabora-
tive effort was initiated to prepare and incorporate in the rat system and

BALB 3T3 test systems an exogenous source of activating enzymes (liver

microsomes prepared from induced Fischer rats). Nonspecific inducers of
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aryl hydrocarbon hydroxylase (AHH) were examined and the microsomal
fractions tested for their ability to metabolize benzo(a) pyrene to a

mutagenic derivative. Cordycepin continuously incorporated in culture
medium protected F1706 from transformation while an alkaloid extract
of Narcissus tarzetti L. did not protect the cells from transformation.
Specific anti -viral neutralizing antibody protected low passage rat
embryo cells chronically infected with RLV from transformation by methyl

-

cholanthrene. Sialic acid offered significant, but transitory protection
from transformation to rat embryo cells chronically infected with RLV
and reduced the size and number of foci in NRK cells infected with
Kirsten murine sarcoma virus. Protection was also afforded against
splenomegaly in BALB/c mice infected with RLV.

Cultures requiring preinfection with an exogenous eeotropic virus also
were transformed by chemical carcinogens in the presence of a xenotropic
virus. Neutralization of either the eeotropic or xenotropic virus by

virus-specific neutralizing antibody prevented transformation. Trans-
formation was not inhibited by nonspecific viral antibody of equal toxicity
or if specific neutralizing antibody was added only after chemical treat-
ment. Transformation is inhibited by inhibitors of viral protein syn-

thesis and, if added prior to infection, by ethidium bromide, a

phenanthridine dye that differentially inhibits formation of the DNA

precursor essential for integration of the viral genome.

A culture of keratinizing human skin epithelial cells treated with
methyl cholanthrene was converted from a diploid to heteroploid state. At
present, the two "transformed" heteroploid cultures have been carried for
up to 60 passages in the logarithmic growth state. Clonal lines derived
from human osteosarcoma cells transformed by MNNG are being characterized.

The role of host regulation of endogenous virus in viral -chemical carcino-

genesis is being studied in crosses involving NZB, 129J and SWR/J mice.

Matings successfully produced enough of the Fl generation for study, except
those involving 129J females, where fertility is low. Data to date
indicate that in (NZB X 129J) Fl animals xenotropic viral expression is

dominant. Parallel studies using interferon produced in vitro and in vivo

failed to show inhibition of tumor inductions in CF-1 neonatal mice.

Significance to Biomedical Research and the Program of the Institute : This

contract has established the feasibility of using tissue culture systems

for screening environmental compounds for carcinogenic potential in a

fraction of the time and cost of screening in animals. Thus, within weeks,
rather than months or years, one could test for carcinogenic potential,

and only those compounds which transform cells would need to be confirmed
in animals. The tissue culture systems developed also permit screening of

many times the number possible in animals. Since over 20,000 compounds
reach the market each year, with a backlog of more than 100,000, the need

for such systems is very urgent.

The development of viral vaccines capable of immunizing against chemical

carcinogenesis, and optimistic results with mouse interferon against

chemically induced tumors in animals, have important implications for cancer
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prevention and control in the near future. The initial tests established
that vaccines which confer greatest protection are those derived from
"natural" type C viruses, leading to the conclusion that immunity is

antigen-specific. These results are particularly encouraging with the
advent of new methods for inducing human type C viruses. The finding of
type C viruses in human placentas has added considerable impetus to the
search for other human type C virus candidates.

Proposed Course : Work will be continued on (1) the development, evaluation
and standardization of in vivo and in vitro systems for studying the
effects of known and suspected environmental carcinogens; (2) development
and application of sensitive in vitro assay systems for studying the

natural history of type C tumor virus infection and its relationship to

carcinogenesis in a variety of mammalian systems; (3) development and
testing of type C virus vaccines, interferon and anti -transformation
compounds to evaluate their efficacy in prevention of spontaneous and
chemically-induced tumors in genetically defined mouse strains and cell

systems.

Date Contract Initiated : February 1, 1970

Current Annual Level : $800 , 000

MICROBIOLOGICAL ASSOCIATES, INC. (N01-CP5-3519)

Title : Isolation and Characterization of Type C RNA Tumor Viruses and
Diagnostic Testing and Service Functions

Contractor's Project Director : Dr. M. Lee Vernon

Project Officer (NCI) : Dr. Robert J. Haebner

Objectives : To define the events, with special emphasis on the role of

endogenous type C RNA viral genomes, associated with activation of
oncornaviruses in non-producer cell cultures by chemicals, DNA viruses,
or spontaneously; and to characterize the endogenous viral isolates.

Major Findings : Cell separation techniques, a rat-tail collagen substrate,

and a specially formulated cell culture growth medium were applied to

initiate and passage cell cultures of selected characteristics. This

procedure was used to initiate epithelial-like cultures from chimpanzee
and human placentas and human tumors. The cultures were treated with
iododeoxyuridine and then cross-cultivated with a variety of cells of

various species and now will be monitored for type C RNA virus for up to

20 subcultures. Human placentas have shown reverse transcriptase (RT)

values of 10,000 cpm during the first 10 days of incubation and a chimpanzee
placenta culture had RT values of 20,000 cpm at passage 7. ^^.^ridine-
labeled material from the chimp cultures banded at 1.14 g/cm^ in a sucrose

density gradient. Electron microscopy and complement fixation tests were
negative for evidence of viral expression. A line of human osteosarcoma
cells (TE-85), including human NP (derivative of TE-85) cells, had several
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of the in vitro properties of malignant cells including colony formation
in agar but had low extracellular fibrinolytic activity and no capacity
to form tumors in anti -thymocyte serum-treated hamsters. Some TE-85
cell clones had increased fibrinolytic activity but did not form tumors
in hamsters. TE-85 cells infected with mammalian transformation-defective
viruses had low (FeLV) or increased (RD 114 virus) levels of fibrinolytic
activity and did not form tumors in hamsters. TE-85 cells either non-
productively infected with KiSV or productively infected with M-MSV
(RD 114) had fibrinolytic activity and did form tumors in hamsters. The
M-MSV gene(s), but not colony formation in agar or extracellular fibrino-
lytic activity, appears to be capable of rendering TE-85 cells tumori genie
in ATS-treated hamsters. Type C virus particles and RNA-dependent DNA
polymerase activity was transiently induced from human NP cells by BUDR.

Passage of human cells and cocultivated cells through NIH Swiss "nude"
mice resulted in the isolation of N-tropic, B-tropic and X- tropic type C

viruses from the "nude" mouse. Passage of human rhabdomyosarcoma through
ATS-treated C57/Leaden mice resulted in the isolation of a xenotropic
virus from this strain that has not been shown to transform rat embryo
cells. Another isolate from an X-ray induced lymphoma in a C57/L mouse is

being studied for transforming potential. Efforts are being made to

isolate other xenotropic viruses and grow them to high titer for purposes
of characterization. A BUDR activated virus of guinea pigs has been shown
to have certain morphologic and cation preferences in common with type B

particles of mice. Attempts to isolate viruses from human placental
tissues by cocultivation with human NP cells are in progress; the results,

so far, are negative. Optimum conditions for induction of guinea pig

retravirus in high titer using BUDR plus dexamethasone were established.
Gorilla spleen cells transformed in vitro by MSV pseudotype with baboon
placenta virus were found to be producers, whereas the KiSV transformed
gorilla spleen cells were non-producers. The NP cells released non-

infectious type C virus particles. Non-producer horse cells were isolated
from transformed foci induced by the MSV pseudotype of woolly leukemia
virus.

A total of 745 specimens were examined by electron microscopy (EM) for the

presence of virus or virus-like particles. The samples were obtained
from the staff of this contract and other collaborative groups as

designated by the Project Officer. Geometric tubuloreticular structures
were induced by BUDR in one cell line; negative stains of the BUDR induced
guinea pig virus and the bovine leukemia virus revealed that both these

viruses have properties in common with type B particles. Many cultures
and clones were examined specifically for the presence of mycoplasma
because of the sensitivity of EM in this respect. Splenic B-cell

isolates were examined for virus production; one from a rhesus monkey
produced an SV40-like virus, while those from BALB/c mice shed type C

particles. Studies of selected human and chimpanzee placentas continue
to show virus particles in primary tissues, but there is no recognizable

viral particle by negative staining or thin section techniques in cultured
samples even though there may be spurts of relatively high reverse trans-

criptase activity.
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AHH assays were performed as a service to determine relative levels of ^B"
drug metabolizing enzymes in liver homogenates from induced and non-
induced rats and mice.

Ten groups within the Virus Cancer Program received samples from the cell

repository. In addition, 89 cell lines were either isolated in this
laboratory or received from outside sources, tested for virus and ^
mycoplasma, and frozen for future reference.

"

A total of 12,712 polymerase assays were performed as a service to this
and other collaborative research programs.

Forty-four specimens were submitted for 333 serodiagnostic tests in

Dr. Parker's laboratory. Other testing included tissue culture neutrali-
zation, MAP assays, and virus isolations.

Significance to Biomedical Research and the Program of the Institute : The
isolation of human type C RNA viruses, and the definition of events
associated with expression of virus or viral products would be the major
handle for controlling cancer, either through the use of prevsntive
vaccines or by interruption of the processes leading to virus expression
and neoplasia.

This contract has high priority in terms of its probability of contributing
to the NCI objectives. The professional staff are among the most sophisti-
cated in the area of tissue culture and virus rescue, and the service
aspects of the program have performed in a superior manner and have made
important contributions in their own right.

Proposed Course : Continue studies outlined in above Objectives Section.

Date Contract Initiated : November 23, 1974

Current Annual Level : $781 ,000

SALK INSTITUTE (N01-CP4-3243)

Title : Interaction between Polyoma Virus and Type C RNA Viruses

Contractor's Project Director : Dr. Walter Eckhart

Project Officer (NCI) : Dr. S. Aaronson

Objectives : To determine whether infection with a DNA virus induces the

appearance of RNA tumor virus RNA in infected cells.

Major Findings : Two areas were studied: activation of type C RNA viruses
in polyoma-infected BALB/3T3 cells, and characterization of the reverse

transcriptases of avian and murine RNA tumor viruses. A DNA probe made
by reverse transcription of xenotropic endogenous virus was used to test
the RNA species present in polyoma-virus infected BALB/3T3 cells. The
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amount of virus-specific RNA detected by this probe is higher in infected
cells than in uninfected cells.

A tryptic peptide analysis of the isolated subunits of avian myelo-
blastosis virus and Rous sarcoma virus reverse transcriptases showed
that the subunits are related. Both subunits were detected in the AMV
virion. Moloney leukemia virus reverse transcriptase contains an RNAse H

activity which acts as a random exonuclease. Under appropriate conditionss
reverse transcriptases produced DNA products ranging in size up to the
size of the complete RNA virus genome. These DNA copies should be useful

for a variety of purpos£s, including genetic mapping.

Significance to Biomedical Research and the Program of the Institute : The
activation of RNA virus RNA synthesis in polyoma virus-infected cells

suggests that DNA tumor virus infection may lead to an alteration of
expression of cellular genes, including endogenous RNA viruses. A more
complete description of this phenomenon requires specific probes to detect
the presence of RNA's corresponding to each of the endogenous viruses, or

development of a system in which a known viral genome, such as Moloney
leukemia virus, can be established in an inducible state in a host cell.

The observation that the subunits of avian RNA virus reverse transcriptases
are structurally related suggests that the viral genome needs to contain
information only for the synthesis of the large subunit, not for both.

The ability to make DNA copies corresponding in size to the entire genome
opens the possibility for analyzing the genetic organization of the RNA
viral genome, as has been done for polyoma virus, SV40 and adenoviruses.

Proposed Course : This contract terminated September 30, 1975

Date Contract Initiated : June 5, 1967

Current Annual Level : This contract did not receive funds during FY 76.

SCRIPPS CLINIC AND RESEARCH FOUNDATION (N01-CP4-3375)

Title : Immunologic Study of Type C RNA Tumor Virus

Contractor's Project Director : Dr. Frank J. Dixon

Project Officer (NCI) : Dr. Robert J. Huebner

Objectives : This program is comprised of three integrated segments aimed

at (1) identification of the various virion and non-virion associated
products of endogenous type C viral genomes in mice, (2) quantitation of

the spontaneous immune responses of mice to the products of their endogenous

type C viral genomes and any immunopathologic consequences thereof, and

(3) attempt to modify expression of endogenous type C viral genomes by

immunization with viral or purified viral antigen vaccines or by immuno-

suppression.
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Major Findings : A study of the immunopatho'logic consequences of induced
infections of mice with murine leukemia virus (MuLV) (Scripps) was carried
out. It is clear that neonatal infection with this and several other type C

viruses can cause a variety of immunologic and immunopathologic sequelae
among which are synthesis of anti nuclear antibody and the development of
immune complex glomerulonephritis. These immunologic developments do not
depend solely on the magnitude of the productive virus infection but
rather appear to be under the control of genetically-determined host
factors.

The parent to offspring transfer of MuLV (Scripps) infection was studied
through three generations. One hundred percent transmission through the
three generations occurred in C3H/St and BALB/cSt mice; 51% to 60% trans-
mission through the three generations occurred in C57B1/St and NZW/lac.
Eleven percent transmission to the first generation with no subsequent
transmission occurred in the NZB/Scr mice. Transmission appeared to occur
primarily via the milk, although evidence for intrauterine infection in

the C3H/St mice was obtained and a degree of resistance to infection
developed in C57B1/St mice prior to birth.

Several aspects of the endogenous expression of the virus glycoprotein,

gp70, in unmanipulated mice were studied. Endogenous expression of gp70
is largely restricted to a number of lymphoid and epithelial tissues
among which are the thymus, bone marrow, gall bladder, urinary tract,
and male reproductive tract. During development of the mouse, gp70 was first
identified in the 14-day fetus in the hematopoietic liver and by the 18th
day of gestation, it was already found where it continued to be expressed
in the adult. Peptide analysis of the endogenous gp70 indicated that there
are a variety of these molecules with different chemical structures, but
cross-reacting immunologic properties. The implications of apparently
normal tissue constituents immunologically cross-reactive with viral coat
glycoprotein are obvious for any kind of prophylactic or therapeutic
immunizatioa Those strains with spontaneous immunopathologic disorders
tend to have high gp70 levels, but occasional immunologically normal

strains are also high.

Analysis of the antibody response made by AKR mice to the MuLV they carry
indicated that the mice make antibodies to virtually every identifiable
viral antigen.

A survey of numerous murine strains indicated that adult mice of a majority
of the strains contain readily demonstrable antibodies to AKR gp70 but not

to FMR gp70.

Significance to Biomedical Research and the Program of the Institute : Th i

s

program is relevant to the goals of the National Cancer Institute in

relation to determination of cause, early detection of risk, and eventual
effective prevention of cancer. The etiological association between
type C RNA viruses and cancer has been firmly established in chickens, mice,

hamsters, rats and cats, and is strongly implicated in cows, gibbon apes,

woolly monkeys and baboons as well. In addition, particles have been

observed in human placentas in numbers suggesting that they are universally
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present. Expression of this apparently universal oncogenic potential,
however, is dependent on the immunologic responses of the host. Although
these immunologic controls are well recognized, the mechanisms are
poorly understood. Characterization of the viruses, viral antigens and

host cell responses will provide important insights into the etiological
role of the viruses under varying immunologic conditions, and the means
of detecting and interfering with their oncogenic properties through the

use of viral vaccines.

Proposed Course : The contractor will continue ongoing studies, as follows:

(1 ) characterization of the products of endogenous type C viral genomes

and their interaction with host immunologic defense mechanisms; (2) analysis

of the molecular nature of the viral genome products, and definition of

the relationship of their production to host genetic or developmental events,

including cancer; (3) definition of the spontaneous immune responses of mice

to their endogenous type C oncornaviruses and any associated immunopathologic
events; (4) attempts to manipulate natural production and control of

endogenous type C viruses or non-virion associated viral molecules to

determine immunopathologic complications, effect on control of natural

cancers and/or normal growth and development; and (5) definition of the

potentially important direct neutralizing effect of primate complement on

type C viruses and associated neoplastic events.

Date Contract Initiated : June 29, 1972

Current Annual Level : $478,000

SIDNEY FARBER CANCER CENTER (N01-CP5-3539)

Title : Attempt to Isolate Type C Virus from Cultured Human Leukemia Cells

Contractor's Project Director : Dr. David M. Livingston

Project Officer (NCI) : Dr. G. Todaro

Objectives : To attempt to isolate an intact type C virus from freshly-

cultured human leukemia cells, either by finding such cells which spon-

taneously produce virus, or by inducing virus production by physical,

chemical or immunological means.

Major Findings : During the past 12 months, over 300 cultures of Ficoll-

hypaque purified white cells from bone marrow or peripheral blood of 102

donors were initiated. Since initiation of this contract, 39 cell lines

were established, 28 in the past 12 months. An additional 15 sets of

cultures are presently under active development. The overall success rate

for continuous line development in the past 12 months is approximately 27%.

Of interest is the fact that six out of seven attempts to establish cell

lines from the peripheral blood of patients with rheumatoid arthritis

were successful. All "Lax" lines were checked out on at least three

separate occasions for spontaneous supernatant polymerase production. None
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consistently yielded positive results. Biological characterization of the

newly established cell lines was accomplished. All had doubling times

of 20-36 hours. Ten lines were checked for Epstein-Barr virus nuclear

antigen, and all were positive in at least 50% of the cells examined.

Immunological surface characterization of these cell lines for three

properties, surface Ig, E-rosettes, and EAC rosette, was done to

classify the cells. Most lines reacted with anti -human Fab antibody by

membrane immunofluorescence (FITC), and a substantial proportion of these

formed EAC rosettes relatively efficiently. FITC+ cells may be of

B-lymphocyte origin. However, myeloblasts can be shown to bear a surface

Fc receptor, and the fluorescent antibody used to characterize these

cells may bind to the Fc receptor complex. The presence of EAC rosettes

forming on a significant proportion of cells in an aliquot is a test

for B-cells. It is not clear whether very early leukemic myeloid precursor

cells can form such structures. Certain lines derived from AML patients

do not efficiently form EAC rosettes.

Measurements of cystine biosynthesis capacity of the cell lines established

in this program were carried out. Three new lines (LAZ 2, LAZ 25, and

LAZ 155) showed significant dependence on pre-formed cystine, suggesting

that tumor cells are in the majority in the cell population.

Karyotypic analysis was made on a number of lines. The data obtained

indicated that the sex chromosomes of every line examined were fully

representative of the gender of the donor.

Production of type C virus transformants of human bone marrow cells was

attempted by cocultivation of ficoll-hypaque purified cells from the

marrow of acute rnyelogenous leukemia (AML) patients with rat cells producing

woolly type C helper virus and the woolly pseudotype of Kirsten sarcoma

virus. Progressive, slow death of the human cells, or no new growth,

occurred in both control and infected cultures. Thus far, a series of

seven randomly-selected, fresh, human embryo cell strains, each from a

different fetus, have been screened in cocultivation experiments with

seven different ficoll-hypaque purified cell populations enriched for

leukemic blasts from patients with AML. Each embryo strain was co-

cultured with each of the seven leukemic cell populations. During a

6-week period, there was no evidence of exponential growth of cells

differentiating into clear-cut members of the granulocytic series. Periodic

supernatant polymerase measurements were without significant or even

sustained low-level positive activity.

Attempted isolation of a human type C virus was made by cocultivation. No

persistent polymerase elevations were detected for any line or primary

cell cocultivations, and no virus isolations were made thus far.

Occasional positive polymerase assays were obtained with supernatant

from one or another cocultivated recipient line but these elevations were

not permanent. Induction-cocultivation experiments, using an approach

analogous to that of Panem et al . , failed to yield a type C virus. Thus

far, a series of 10 long-term lUDR induction experiments have been completed

without any evidence of type C virus replication; seven more have been

initiated. Moreover, a series of 16 human cell lines, the majority from
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leukemic patients were treated with doses of lUDR with a view towards
detecting at least one line which was superinducible. No line revealed a

rise in polymerase over background during the 70-hour period following a
30-hour exposure to the drug,

A number of murine and two rat lymphoid and myeloid leukemic cell lines
are cystine (CYS) auxotrophs. They are unable to grow in cystine-
deficient media which is repleted with cystathionine (CSN). Three
continuous normal lymphoid lines (probably T cell lines) from NZB mice
are cystine prototrophs. A number of tumor lines examined were all

deficient in the activity of the enzyme cystathionase, which catalyzes
the last step in the cystine biosynthetic pathway. The normal cell lines
contained relatively higher levels of this activity. Thymocytes from
mixed-bred Swiss mice can synthesize protein as well in CYS" CSN"*" media,
while tumored thymocytes from littermates bearing Moloney type C virus-
induced thymic tumors were unable to synthesize protein in the CYS" CYS"^

media. The specific activity of cystathionase in extracts of normal
thymus is at least 3-fold greater than that in any of a series of Moloney
leukemia virus-induced thymic tumors in littermates. The specific
activity of this enzyme in extracts of tumor-free AKR thymus is at least
3-fold greater than that in any of a series of spontaneous AKR thymomata.
Exogenous infection of a CYS"'' human lymphoid cell line with either of two
different infectious type C viruses leads to vigorous, productive infection
but no significant change in the specific activity of cystathionase.

A series of three continuous Abel son virus-induced BALB/c mouse tumor cell
lines, presumably transformed B cells, were studied in culture for their
growth properties in CYS"*", CYS'/CSN"*" media. Similarly, two continuous
Abel son virus- transformed fetal liver cell lines were studied. The
results indicated that all are cystine auxotrophs. A number of EBV-
transformed human B-cell lines were found to be clearly CYS prototorphs
and contained more enzyme than comparable human CYS" lines.

During the past year, the biochemical basis for the CYS"/cystathionase
deficient phenomenon was explored in selected mamnalian hematopoietic
cells, particularly in continuous CYS"*" and CYS" human cell lines. The
CYS"*" group were characterized by the presence of at least 3-fold more
cystathionase in crude extracts than the most CSE enriched CYS" line.
The defect in CSN utilization for growth was not concentration dependent.
The observed molecular weights of cystathionase from a CYS"^ cell, e.g.,
NC-37 or SB, and the "residual," low level enzyme observed in CYS" cells,
e.g., CEM, SB2, were identical (about 225,000). SB cells are B-lymphocytes
non-tumori genie in hamsters and SB2 cells are tumorigenic T-lymphocytes
originated from the same leukemic patient. SB cells were found to express
Epstein-Barr virus nuclear antigen, while SB2 was negative. The relative
reduction in CSE activity in CYS" cells was not a function of a reduced
stability of the enzyme resulting from cell extraction and manipulation
nor the result of the presence of a soluble inhibitor in the CYS" extract.

A lymphoid cell line was established from a child with hereditary persistent
fetal hemoglobin, an inherited red cell disorder in which B-chain globin
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synthesis is deficient and excess a-chain synthesis occurs. This line

(LA2149) is diploid after 40 passages with 46 normal chromosomes and was

found to lack, specifically, DNA B-chain gene sequences. This is among

the first demonstrations of the molecular basis for the absence of specific

hemoglobin chain synthesis in this particular disease and was made

possible, in part, by establishment of a well -characterized, continuous

cell line which could be grown in large quantities retaining all 46 normal

human chromosomes.

Significance to Biomedical Research and the Program of the Institute : The

successful isolation of a human type C virus would permit the development

of reagents to determine if they are natural etiological agents of human

cancer. For example, the ^H-DNA product of the endogenous reverse trans-

criptase reaction of a human type C virus would be the ideal probe for the

investigation of the subinfectious genetic expression of such viruses in

normal and malignant human cells. The antibody to the reverse transcriptase

and gs antigen and other viral specific proteins of such a particle would

be superb tools for the development of analytical systems designed to

detect type C viral proteins in non-productive human cells. The identifi-

cation of a viral -specific transformation protein in transformed, but

not normal cells, would be the strongest evidence that endogenous type C

virus is really involved in the etiology and pathogenesis of human neoplasia.

Proposed Course : Continuation to achieve the objectives described.

Date Contract Initiated : April 24, 1974

Current Annual Level : $118,330

SOUTHERN CALIFORNIA, UNIVERSITY OF (N01-CP5-3518)

Title : Conditional Lethal Mutants of RNA Tumor Viruses

Contractor's Project Director : Dr. Peter K. Vogt

Project Officer (NCI) : Dr. John Stephenson

Objectives : To isolate conditional lethal mutants of avian sarcoma viruses,

test all mutants for leakiness and genetic stability, describe the

reproductive and cell -transforming capabilities of the mutants under

permissive and non-permissive conditions and determine the conditional

lethal step in the infectious cycle.

Major Findings : New temperature-sensitive (ts) avian sarcoma virus mutants

have been isolated. Of these, 59 fall into class T, 27 into class C, and

11 into class R. One of the class R mutants is of special interest in that

it was found to produce non-infectious particles at 41C; these particles

have an inactive DNA polymerase.

Mammalian cells transformed by avian sarcoma virus ts mutants were fused

with inactivated Sendai virus to test for complementation of transformed
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properties at 41C. No complementation was found, suggesting that these
ts mutants are in the same cistron, and possibly that there is only one
cistron concerned exclusively with transformation.

Transformation-specific membrane proteins have been demonstrated in

avian sarcoma cells in accordance with previous findings by other
laboratories.

Temperature shift experiments with the new coordinate (C) mutants
indicated that all have early and transient ts lesions, probably affecting
reverse transcription oi integration.

A new type of non-conditional, replication-defective sarcoma virus was
described. It is likely to represent a point mutation. It produces
functional glycoprotein and can be rescued by helper viruses of other
glycoprotein subgroups. Complementation tests and radioimmunoassays
suggest that the mutation affects internal structural proteins of the

virus.

Significance to Biomedical Research and the Program of the Institute . The
work performed by this contractor has provided valuable genetic tools
for study of oncornavirus gene functions in replication and transformation
and location on the viral genome. Future production of additional
mutants from all segments of the genetic map will provide valuable tools
for isolation and characterization of those gene functions relating
specifically to potential viral carcinogenesis.

Proposed Course : This contract will continue to isolate new mutants of
avian sarcoma viruses. The characterization of these mutants is being
considered for CREG funding.

Date Contract Initiated : October 15, 1971

Current Annual Level : $208,000

SOUTHWEST FOUNDATION FOR RESEARCH AND EDUCATION (N01-CP4-3214)

Title : Study of Latent Virus Infection and Transmission

Contractor's Project Director : Dr. R. L. Heberling

Project Officer (NCI) : Dr. Alfred Hell man

Objectives : To study the viral flora in placentas and embryos of primates
with emphasis on type C viruses. *

Major Findings : A xenotropic baboon type C virus, M-7 is being studied
for its ability to infect and produce disease in experimentally inoculated
non-human primates and beagle dogs. Chimpanzees, baboons, cebus monkeys
and marmosets have been inoculated and under study for 11 to 20 months
with no evidence of neoplastic disease. Three of five marmosets died
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14 to 252 days after inoculation, but no virus was recovered from these

animals nor did pathologic studies indicate a viral etiology for the deaths.

Two sacrificed marmosets were similarly negative. M-7 virus was recovered

from tissues of beagle dogs inoculated in utero and a humoral, but not

cell-mediated immunity (CMI), was demonstrated. No virus was recovered

from dogs inoculated at birth, but humoral and CMI developed.

Autogenous humoral immunity in the normal baboon was demonstrated for

intact, but not disrupted, M-7 virions by radioimmunoassay. However, no

neutralizing antibody was found. Naturally occurring antibody was pre-

dominantly in the IgG and IgA fractions of serum and tended to increase

in titer with age; however, both sexes showed similar antibody levels.

Cell -mediated immunity to the virus in normal baboons was also demonstrated

by virus-induced lymphocyte blastogenesis.

Maternal serum was shown to block phytohemagglutinin lymphocyte stimulation

and mixed lymphocyte responsiveness of fetal lymphocytes. This suppression

could be adsorbed by M-7 virus.

A virus was isolated from a culture of squirrel monkey lung cells treated

with lUDR and cocultivated with fetal canine thymus cells. This virus

has a morphology and mode of development similar to Mason-Pfizer monkey

virus, an RNA-dependent DNA polymerase with a Ng+'*' preference, a density

of 1:.16-1.19 g/ml and the ability to form syncytia in KC cells.

Significance to Biomedical Research and the Program of the Institute :

Evidence was provided for the existence in "normal" primate tissue of

vertically transmitted type C viruses. Further study is required to

determine whether these agents have any direct relationship to the develop-

ment of malignancy in any primate.

Proposed Course : Efforts will be continued to determine the function of

these virus particulates in the primate host.

Date Contract Initiated : June 3, 1971

Current Annual Level : $279,320

TEXAS, UNIVERSITY OF (N01-CP6-1017)

Title : Biosynthesis of Oncorna Proteins in Mouse and Human Cells

Contractor's Project Director : Dr. Ralph B. Arlinghaus

Project Officer (NCI) : Dr. Takis Papas

Objectives : To study the synthesis and processing of murine leukemia virus

proteins in mouse and human cells.

Major Findings : This is a new contract initiated January 1, 1976. No

progress reports have been made.
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Significance to Biomedical Research and the Program of the Institute :

Oncornaviruses cause some types of cancer in many different animal
species. By inference, one may assume that a viral etiology also
exists for some types of cancer in man. In animal cells, viral information
is often incomplete or incompletely expressed so that virus particles may
not be assembled in some tissues. Similarly, in some human cancers,
oncogenic viral information may be only partially expressed, accounting
for the difficulty in establishing evidence for a viral etiology of
human cancer. An irmunological probe could serve as a basis to develop
a clinical assay for oncogenic viral gene products in human tissues.
Furthermore, the information obtained in this study is expected to
further the knowledge of the relationship of these viral -specific gene
products in the transformation process.

Proposed Course : The overall objective of this project is to prepare a

suitable immunological probe to detect oncornavirus proteins in human
cells. The specific aims include the study of the synthesis and process-
ing of Rauscher murine leukemia virus proteins, produced in mouse and
human cells by the use of antisera prepared against components of
disrupted virus particles. The antisera will be used as probes to compare,
contrast and characterize the intracellular, viral -specific polypeptides
synthesized in virus-infected human and mouse cells. Antisera prepared
against disrupted human cell -adapted Rauscher virus, candidate human
tumor-viruses, and simian sarcoma virus will be used as immunological
probes to detect oncornavirus gene products in human cells.

Date Contract Initiated : January 1, 1976

Current Annual Level : $90,450

WISCONSIN, UNIVERSITY OF (N01-CP5-3515)

Title: Studies on the Role of RNA Tumor Viruses and Related Genetic
Information in Induction of Tumors by Chemicals

Contractor's Project Director : Dr. Robert C. Nowinski

Project Officer (NCI) : Dr. Peter Fischinger

Objectives : (1) To investigate the role of murine luekemia virus (MuLV)

and its gene products in spontaneous leukemia and in chemically-mediated
oncogenesis. (2) To study the natural humoral immunity of mice against
murine leukemia virus.

Major Findings : Immunogenetic factors associated with infection by MuLV
were studied. Analysis directed toward (a) the precise identification of
markers of MuLV in the mouse to enable detailed genetic analysis, (b)

an understanding of the host genes that control the expression of MuLV, and

(c) the examination of natural immune functions in the mouse and how these

influence leukemogenesis.
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Quantitative chemical and viral transformation systems with contact-
inhibited clonal C3H cell lines were developed. These cells were examined
in detail for the presence of infectious MuLV and MuLV-related proteins.
Studies demonstrated that the expression of MuLV antigens and the

production of infectious MuLV virions segregate in genetic crosses
according to Mendel i an laws. Studies were continued to determine
the number of integrated viruses in the mouse and to develop suitable
markers of virus infection to allow a more precise genetic analysis.

Considerable evidence has been gathered to show that mice of a wide variety
of genotypes are responding naturally to endogenous MuLV with a vigorous
immune response. This natural immunity to MuLV is both humoral and cell-
mediated. Natural antibodies against MuLV, cytotoxic for virus-producing
cells, were found. Also, the production of antibody against MuLV in

mice of genetic crosses closely paralleled the production of endogenous
ecotropic MuLV.

During the past year, it was found that normal C3H and BALB/c cells
preferentially produed XC-defective MuLV upon treatment with lUDR. In

contrast, most transformed cells from mice of these strains produced
XC-competent MuLV upon treatment with lUDR. The XC-defective MuLV infected
mouse cells with an efficiency similar to that of XC-competent MuLV,

but the extent of virus replication was extremely low. These XC-defective
MuLV may play a major role in pathogenesis, since they interfere with the

replication of XC-competent MuLV, and they also serve as immunogens for

the development of natural immunity. It was found that immune response
to MuLV is determined by genes that influence the production of endogenous
MuLV, and by immune response genes that map in the ninth linkage group.

These observations have opened the way to a detailed genetic analysis of
host immune response to MuLV.

Significance to Biomedical Research and the Program of the Institute :

Carcinogenic chemicals can cause cancer in humans, mice and other animals.

It is important to determine what role, if any, viral genetic information
might play in this process.

Proposed Course : Contract terminated on August 31, 1975.

Date Contract Initiated : September 1, 1971

Current Annual Level : $287,597
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2. a. OFFICE OF PROGRAM RESOURCES AND LOGISTICS

Dr. Jack Gruber, Chief, OPR&L, VOP, DCCP

Dr. David McB. Howell, Staff Scientist, OPR&L, VOP, DCCP
Dr. Garrett V. Keefer, Staff Scientist, OPR&L, VOP, DCCP
Dr. Lea I. Sekely, Staff Scientist, OPR&L, VOP, DCCP

CALIFORNIA, UNIVERSITY OF (N01-CP-3-3237) and
NAVAL BIOMEDICAL RESEARCH LABORATORY (Y01-CP-4-0201

)

Title : Development and Evaluation of Cell Substrates for the Study of
Cancer Viruses

Contractor's Project Directors : Dr. Stewart Mad in

Dr. Adeline Hackett
Dr. Walter Nelson-Rees

Project Officers (NCI) : Dr. James Duff
Dr. Jack Gruber

Objectives : The Cell Culture Laboratory (CCL) is physically located at the
Naval Biomedical Research Laboratory (NBRL), in Oakland. The program of the
CCL is funded by a contract (NOl-CP-3-3237) between the University of
California and the NCI. In addition, maintenance and operating expenses
generated by the CCL are repaid to NBRL by an interagency transfer of funds
(Y01-CP-4-0201) between NCI and NBRL. This project includes the development
and evaluation of cell substrates for the study of cancer viruses, develop-
ment of large quantities of specific cell substrates, karyotyping of cell

cultures, and performing biophysical, virological, and cytogenetic applied
research.

Major Findings : During the past year, the contractor distributed 710 stock
cultures to 121 recipients; initiated cultures from tumor and/or normal
tissues from 39 donors; continued cultivation of cells, antibiotic free,
and with low mycoplasma contamination (1% of 131 cultures); conducted a

comparative study of four different methods for detection of mycoplasma
contamination; initiated routine examinations for mycoplasma by scanning
electron microscopy; and accelerated emphasis on cultivation of
diffejrentiated cells from normal tissues and tumor cells from carcinomas,
sarcomas, and miscellaneous tumors. During this reporting period 30
epithelial cell strains have been isolated from human carcinomas and normal
epithelial tissues.

Parameters being studied by the contractor on established cell lines are:
a) growth properties; b) morphology; c) growth in methocel and correlation
with tumorigenicity; d) selected biochemical and enzyme patterns;
e) karyology. Interesting differences between cell lines derived from
different osteosarcomas as well as between those derived from the primary
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and metastatic tumors were noted. Antigenicity of these cells is being
studied by immunofluorescence using serum from patients and family members.

Specific problems relating to the ul trastructure of malignant and normal
cells continue to be studied by both transmission and scanning electron
microscopy. Identification of cell types in primary tumors is being done,
making correlations with the cell types which grow out in culture. The
contractor continues to survey for virus particles.

An epithelial mouse liver cell line has been used in experiments which
describe an jji vitro model system for studying the change from the
premalignant to malignant state in epithelium.

Enzyme levels (phosphatases) of cells in culture are also being studied as

a parameter in cell characterization. The contractor has found considerable
variation between alkaline phosphatase production of known HeLa cells and
purported contaminant HeLa cultures (chromosomal) and between HeLa and
non-HeLa cultures.

Characterization of cells by means of karyology continues. Samples from
most of the newly initiated cell lines were readied for study, for the
purpose of monitoring specificity and peculiarities of tumor cells in
culture. A total of 151 were received for "one shot" analysis of karyotype
and in several instances detailed examinations. Among the human cultures,
5.1% were HeLa contaminants. Definite non-concordance with purported origin
was established in 15% of 21 cultures received for karyotypic identification
of species. Examination of specific problems for which karyology data were
essential was also undertaken, in some instances, on a collaborative basis
within the Viral Oncology Program.

Significance to Biomedical Research and the Program of the Institute :

The contractor has an excellent tissue culture facility and is supplying
cell cultures for cancer research studies to NCI investigators and VCP
contract laboratories. The contract continues to develop techniques for
the identification and study of tumor cells oriented toward a study of
the fundamental biology of tumor cells and the interaction between tumor
cells and viruses of oncogenic importance.

Proposed Course : Continue to develop cell reagents as substrates for human
carcinogenesis; continue a reference laboratory for karyology of cells in

culture; continue applied research in the biology of tumor viruses.

Date Contract Initiated : October 1, 1962

Current Annual Level: $465,000 and $69,750
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CHICAGO PARK DISTRICT, LINCOLN PARK ZOO (NOT -CP-3-3271

)

Title : Marmoset Facility for Presbyterian - St. Luke's Hospital

Contractor's Project Director : Dr. Lester E. Fisher

Project Officers (NCI) : Dr. Robert Holdenried
Dr. Lea I. Sekely

Objectives : To provide ma>^mosets in a quantity sufficient for the needs of
the research on tumor viruses conducted under Contract NOl-CP-3-3219 with
Rush-Presbyterian-St. Luke's Medical Center.

Major Findings : This contract effort was terminated on October 31, 1975,
because of the renovation of Lincoln Park Zoo and other related problems
concerning internal operating space. During the three month period the
contract was in effect, the marmosets in the colony at the Lincoln Park
Zoo were transferred to the marmoset colony at Rush-Presbyterian-St. Luke's
Medical Center for further utilization in cancer research.

Significance to Biomedical Research and the Program of the Institute :

This contract was part of a program utilizing lower primates for testing
selected laboratory specimens for oncogenic activity. The marmoset, a

small, inexpensive primate, has been shown to be susceptible to several
cancer viruses; newborn and young animals are in demand by VCP investigators.

Proposed Course : At the request of the contractor, this effort was
terminated October 31, 1975, due to a necessary and unavoidable reorgani-
zation of the contractor's facility.

Date Contract Initiated : June 28, 1965

Current Annual Level : No funds from FY 1976

CHILD RESEARCH CENTER OF MICHIGAN (NOl-CP-3-3333)

Title : Inter- and Intraspecies Identification of Cancer Cells In Vitro

Contractor's Project Director : Dr. C. S. Stulberg

Project Officer (NCI) : Dr. David McB. Howell ,,.:.

Objectives : This contract provides Viral Oncology Program collaborating
investigators with a service for rapid establishment or confirmation of
species identity of cell culture systems.

Major Findings : In the past twelve months, 226 cultures were examined by
409 separate tests that utilized genetic markers of three general kinds,
i.e., isozymes, species and HL-A antigens, and chromosomes. Other markers
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were employed as required. Results were reported to submitting investigators
usually within ten days after receipt.

Approximately 20% of the cell lines were found to be either of a species or
intraspecies origin different from that designated by the submitting
investigator. This rate of misidentification or contamination is

substantially less than that found and reported last year. Many of the
cultures submitted (39%) were of human tumor origin. Other species of
cell lines examined included: baboon, marmoset, Rhesus monkey,
Cercopithecus monkey, mouse, rat, cat, dog, sheep, Syrian and Chinese
hamster, rabbit, bat, horse, deer, and mink.

Particular emphasis was placed on developing cytogenetics procedures,
particularly trypsin-Giemsa banding of human chromosomes and quinocrine-
mustard fluorescence for Y chromosomes. Work also continued on antigens
of cell lines derived from T cell lymphomas.

Significance to Biomedical Research and the Program of the Institute :

In the search for oncogenic viruses, many cell cultures from the same or
different species are used concurrently, which offer frequent opportunities
for cross contamination. In multiple-species tumor transplantations, the
species derivation of induced tumors sometimes comes into question.
Generally, the significance of virus presence in tissue cells, the ability
to grow virus, or the validity of virus isolator systems are all dependent
upon assurance of the identity of the cell cultures used.

Proposed Course : The contractor will continue to provide service to Viral
Oncology and its contractors by rapidly determining interspecies and
intraspecies identity of cell culture systems. Additionally, the
contractor will extend and develop marker systems in accordance with needs
for identification.

Date Contract Initiated : June 26, 1973

Current Annual Level : $90,000

UNIVERSITY OF COLORADO MEDICAL CENTER (NOl -CP-3-3400)

Title : Collection of Neoplastic Tumor Specimens

Contractor's Project Director : Dr. William E. Hathaway

Project Officers (NCI) : Dr. Lea I. Sekely
Dr. David McB. Howell

Objectives : To supply tissues and serum specimens from patients with
various types of malignancies for collaborative studies carried out within
the VCP.
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Major Findings : During the final three months of this effort, the
contractor sent five samples of bone marrow, one sample of brain tissue,
three whole blood specimens, and five sera to the NCI-Litton Bionetics
Resources Processing Laboratory for immediate distribution to collaborating
investigators within the VCP. In addition, twenty frozen tissue specimens
were sent to the NCI-Flow Laboratories Repository for low temperature storage
and later distribution.

Significance to Biomedical Research and the Program of the Institute :

Availability of clinical specimens and pertinent clinical information on the
cases from which they came is essential to research on the possible role of

viruses in human neoplasia. The services provided by this contractor are
presently being provided through other contract activities for the sake of

greater efficiency.

Proposed Course : This contract was terminated on September 30, 1975. The
specimens provided through this contract are presently being obtained
through other contracts within the VCP.

Date Contract Initiated : June 18, 1969

Current Annual Level : No funds from FY 1976

DOW CHEMICAL COMPANY (NOl-CP-3-3243)

Title : Research, Development, and Monitoring of Biohazard Containment
Facil ities

Contractor's Project Director : Mr. Cyril B. Henke

Project Officer (NCI) : Dr. W. Emmett Barkley

Objectives : 1. In collaboration with the Viral Oncology Office of Biohazard
Safety the contractor: a) performs biological safety and environmental
control surveys of VCP contractor operations to evaluate laboratory practices,
safety equipment and facilities b) prepares and disseminates safety eqvuipment
specifications, facility design criteria, operation guidelines, and safety
procedures. The contractor also prepares engineering design drawings and
specifications for containment systems required to meet specific program
needs, c) operates a safety equipment certification program to assure safe
operation of safety and containment equipment purchased by VCP contractors
d) reviews plans and specifications for VCP renovation and new facility
construction projects. 2. The contractor assists the NCI Office of Research
Safety, OD, NCI, by assisting intramural investigators in preparing safety
action plans; identifying, purchasing, and installing safety equipment; and
providing technical safety information and guidance.
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Major Findings : The contractor provided biohazard and environmental control
consultation service to NCI intramural investigators and VCP contractors
until the contract was terminated on March 31, 1975. During this eight-
month period the contractor's efforts had been directed toward: a)
conducting biological safety and environmental control surveys of NCI
intramural laboratories and VCP contractor laborato^'ies, b) continuation
of hazard assessments relative to operation of centrifuges and other
laboratory equipment, c) continuance of support to the NCI safety and
environmental control program through generation and dissemination of
pertinent information, d) fui^the'^ development of safety training Drog-'ams
consisting of audio-visual comb"'"nation units and short courses, e) develop-
ment, procurement, and testing of prototype contai-imsnt equipment, f)
providing technical consultation in addition to enaineering design and
review services, g) assisting in the development of aporoximately 100
safety action plans for intramural investigators in DCCP, DCT, and DCBD,
h) distributing twenty-four laminar flow biological safety cabinets to NCI
intramural laboratories.

Significance to Biomedical Research and the Program of the Institute :

This contract contributes biological safety and environmental control
expertise to the VCP. This expertise is used to improve the quality and
safety of the cancer research laboratory environment. The contractor
functions as an integral part of the NCI Office of Biohazards and Environ-
mental Control

.

Proposed Course : At the contractor's request, this effort was terminated
March 31, 1976, because Rockville Bio-Engineering Services of Dow Chemical
U.S.A. wa5; being phased out as a service activity.

Date Contract Initiated : June 25, 1965

Curr^ent Annual Level : $125,000

EG&C-/MASON RESEARCH INSTITUTE (NOl -CP-5-3531

)

Title: Biological Resources Management Information System

Contractor's Project Director : Mr. James Getschman

Project Officers (NCI) : Ms. Wilma Varrato
Dr. David McB. Howell
Dr. Lea I. Sekely

Objectives: The major objective of this contract is the implementation of
a computerized central inventory and manaaement system for the various
resources of the Virus Cancer Program.
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Major Findings : During the current period the management information system
for virus and viral reagents was implemented and a similar system for human
specimen materials was designed. The central inventory system was adapted
to utilize an interactive input program and a file structure which detects
and allows for correction of data errors at time of input. Programming
support was provided for maintenance of the satellite areas including the
Naval Biomedical Research Laboratory inventory system and the Huntingdon
Research Center interactive inquiry/response system.

The contractor continued to provide support for the continuous input, editing
and updating of files containing over 120,000 records. Furthermore, the

contractor assisted in editing and preparing data for transfer to the NCI

Office of Biohazard Safety of the more than 10,000 serum collection records
maintained by OPR&L. Additionally, data for more than 8,000 specimens
collected in Africa was received from several sources and a data structure
was designed and programs written to convert, edit, and correct the data
from the various existing files to a structured system compatible with the
central inventory system.

The contractor designed a system of inventory for the resources accrued by

the Viral Oncology Laboratory of RNA Tumor Viruses. It is anticipated this

system will exceed 200,000 specimens.

Significance to Biomedical Research and the Program of the Institute :

The necessary expansion of the inventory of viruses, sera, tissue cultures,
human specimens, and other materials used in cancer research makes it vital
that close control be exercised over these resources. Computerization of
the inventory will eventually make it possible for the NCI Office of Program
Resources and Logistics to rapidly obtain information necessary to determine
availability, location, quantity, etc. of all resources within its juris-
diction, thereby permitting rapid response to the needs of the Program while
avoiding resource excesses or shortages.

Proposed Course : The contractor will continue to extend and refine the
central inventory system. Additional management reports will be generated
for VCP resources control. Additional work on implemented subsystems will
include: regular collection of new data; maintenance of automated subsystems;
addition of interactive updates of test and bleeding data in Huntingdon
Research Center's production of antisera. Work on new subsystems will be
scheduled by OPR&L as needed.

Date Contract Initiated : May 3, 1971

Current Annual Level

:

$268,487
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ELECTRO-NUCLEONICS LABORATORIES, INC. (N01 -CP-3-3355)

Title : Development of Propagation Procedures, Purification, and Characteri-
zation of Viruses

Contractor's Project Director : Mr. John Lemp, Jr.

Project Officers (NCI) : Dr. George Todaro
Dr. Jack Gruber

Objectives : To develop propagation procedures to produce high virus yields
from cell cultures, and to purify and otherwise characterize the produced
virus.

Major Findings : During the past year the contractor has grown, processed,
and characterized 7,209 liters of virus-containing fluid harvested from
26 cell lines as directed by the Contract Project Officer. The purified
virus concentrates and packed tissue cells were distributed to the Project
Officer and to individual investigators involved in a variety of research
projects. The flexibility of the program is indicated by the fact that all

of the above 26 cell lines, which shed C-type virus particles, were new to

the contractor's laboratory when they were received from the Project
Officer. In many cases, the yield of virus per tissue cell was increased
during propagation procedures in the contractor's laboratory, through
experience and in-house investigation.

This year, as a result of in-house experience, ten of the contract virus
lines were adapted to spinner culture, thereby increasing the virus yield
and expanding the capability of the facility for producing more virus-
containing fluids without affecting roller-monolayer capacity.

In addition to electron microscopy, the contractor utilized in-house
capability for measuring total protein, RNA dependent DNA polymerase
activity, acryl amide gel electrophoresis for identifying viral protein and
RNA, antigen and antisera complement fixation titers, SC infectivity assay,
and immuno-gel diffusion identity tests on the virus concentrates. These
above-mentioned biochemical and irmnunological methods are often used to

select propagation procedures to improve yields under this contract and to
provide comparable high-quality virus from many new and experimental cell
lines.

Significance to Biomedical Research and the Program of the Institute :

The search for evidence of the viral etiology of human cancer must include
studies on viruses present in cell cultures established from animal tumors
as well as on those candidate human cancer viruses growing in either animal
or human cell cultures. Large volumes of these well -characterized and
concentrated viruses are essential for the preparation of specific antisera
and for the biochemical, immunological, and epidemiological investigations
necessary in cancer virus research.
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Proposed Course : In the interests of efficiency and economy, the activities
carried out under this contract were transferred to contract NOl-CP-4-3334,
and the present contract terminated on May 27, 1976.

Date Contract Initiated : May 28, 1971

Current Annual Level : No funds from FY 1976

ELECTRO-NUCLEONICS LABORATORIES, INC. (NOl-CP-2-3249)

Ti tl

e

: Large-Scale Production of Oncogenic Viruses

Contractor's Project Director : Mr. John Lemp, Jr.

Project Officers (NCI) : Dr. David McB. Howell

Dr. Garrett V. Keefer

Objectives : To provide a service related to the isolation, large-scale
production, concentration, and assay of oncogenic viruses of animals and
potentially oncogenic viruses of humans. Production and quality control
involve tissue culture, electron microscopy, immunology, and various
biochemical /biophysical techniques.

Major Findings : During the past year the contractor processed 11,964
equivalent liters of virus-containing fluid harvested from several tissue
culture systems and, as directed by the Project Officer, distributed the

purified virus concentrates, cells, and special vaccine preparations to

the Office of Program Resources and Logistics repository and to individual
investigators involved in a variety of research projects. The flexibility
of the program was emphasized in several ways: the high volume production
and purification of Gross leukemia virus was scaled down in favor of
increased production of AKR leukemia virus, and the high volume production
and purification of Moloney leukemia virus was continued in the dense
NIH-3T3 cell line obtained from Drs. W. Parks and E. Scolnick. Four
xenotrophic viruses were produced in quantity from cell lines received
from Dr. S. Aaronson: NZB mouse/human A673 cell s-Kirsten pseudotype;
MuLV-NIH mouse virus/human A673 cells-Kirsten pseudotype; BALB mouse virus-
2/Fisher rat cells and BALB mouse virus-2/human A673 cells. On occasion,
the BALB virus-1. Class I endogenous BALB/c virus was provided from the
NIH-3T3 cell lines.

The quality of the contractor's virus products is frequently monitored by
gel electrophoretic analysis of viral RNA (the spectrophotometer scanning of
the gel detects approximately one microgram of RNA) and by PAGE analysis for
the viral structural protein profile and envelope glycoprotein content.

Last year, in cooperation with Dr. R. Huebner, the contractor developed a

procedure which consistently yields vaccine preparations of AKR and Gross
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leukemia viruses with high CF titers. This procedure requires a freshly-
harvested virus fluid, immediate centrifugation in a sucrose density
gradient in citrate buffer and seven-day, 1/4,000 formalin inactivation of
the virus at 4°C. The vaccine procedure has been recently modified because
the Gross virus "vaccines" were showing up to 10^ PFU/ml even after seven
days of 1/4,000 formalin; 1/2,000 formalin destroyed some complement-fixing
activity and additional exposure of the formal inized preparations to high-

intensity UV did not help. Through Major Fred Gray, Physical Sciences
Department, Defense Nuclear Agency, Armed Forces Radiobiology Research
Institute (AFRRI), the contractor utilized the AFRRI Linear Accelerator,
after suitable experimentation, to prepare Gross vaccines by exposing the
frozen virus in vials to 10^ Rads of 13 MeV, gamma radiation. Some of the
preparations received no formalin or UV irradiation. The resulting Gross
virus vaccines contained no plaque-forming virus and the CF titer was no

different from non-gamma irradiated controls. This virus-vaccine
methodology should be applicable to other viruses and has been submitted
as an open-literature publication.

Significance to Biomedical Research and the Program of the Institute :

In order to carry out important research on' the biochemistry and biophysics
of oncogenic animal viruses, it is imperative that large quantities of

concentrated virus be available for analysis. This contract helps meet
this need with oncogenic animal viruses that have been produced under
rigidly controlled conditions, and also serves to find the best means of
producing and concentrating large quantities of new candidate human cancer
viruses as they are discovered.

Proposed Course : The contractor will continue to provide AKR virus. Gross
leukemia virus, Moloney leukemia virus, and special vaccine preparations;
and will provide other special preparations as requested by the NCI project
officer. The contractor will continue to develop and optimize methods for

producing the highest virus yield with consistantly high biological
qualities with the flexibility to quickly accommodate shifts in Program
requirements.

Date Contract Initiated : March 27, 1972

Current Annual Level : $739,967

ELECTRO-NUCLEONICS LABORATORIES, INC. (NOl -CP-4-3334)

Title : Virus Processing and Production Facility

Contractor's Project Director : Mr. John Lemp, Jr.

Project Officer (NCI) : Dr. George Vande Woude
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Objectives : The purpose of this contract is to establish and maintain a

facility capable of a variety of batch-scale production of oncogenic and/or

suspected oncogenic viruses; and also for the processing of large volumes

of virus-containing fluids supplied by other NCI designated laboratories or

investigators.

Major Findings : During the past year the contractor enhanced the capability

of growing relatively large volumes of various Herpes viruses (HSV-1 : Mai,

Syncytial Mai, Patton, and Syncytial V; HSV-2:333 and Rabson) in VERO cells,

as well as growing H. saimiri in OMK cells. The contractor also scaled up

the procedure for polyethylene glycol (PEG) precipitation/Renografin
gradient centrifugal purification of the Herpes viruses, and processed,

labelled (when requested) and characterized 2,277 equivalent liters of virus

fluids by the PEG/Renografin technique. In addition, the contractor
developed a Freon-113 extraction-centrifugation procedure for Herpes/VERO
cell packs and recovered additional Herpes virus from 1,016 grams of packed

cells in ten Freon extraction-centrifugations.

The contractor also grew, processed, and characterized many different
viruses, including baboon placenta virus; MSV (FeLV)/ccc; C-type murine
xenotropic virus from BALB/c and NIH lines; Moloney leukemia virus; and

gibbon ape lymphoma virus. Thai strain. One thousand four hundred eighty-
four liters of virus-containing fluids were concentrated and purified by

conventional, sucrose-gradient banding centrifugal techniques.

In addition, the contractor received virus-containing tissue culture fluids,

including Kirsten leukemia virus, Moloney leukemia virus, guinea pig embryo,

MSV-FeLV, and baboon inguinal lymph node virus, from VCP collaborating
investigators. These agents were concentrated by sucrose gradient density
centrifugation. Other viruses supplied by collaborating investigators,
including EBV, H. saimiri, and Kirby virus, were purified by the PEG/Reno-
grafin technique. A total of 1,935 liters of virus-containing fluids were

received from other laboratories and purified.

Significance to Biomedical Research and the Program of the Institute :

This project provides cooperating investigators with the opportunity to

process large quantities of virus-containing tissue culture fluids, as well

as smaller quantities of a variety of viral agents of special interest.
There is a strong need for this effort within the Program since it

specifically relates to the determination of the possible viral etiology
of human cancer.

Prorposed Course : The work described above will be continued at an expanded
lev/el to include the activities of contract NOl-CP-3-3355, which was
terminated on May 27, 1976. It is felt that amalgamation of these
activities under one contract will result in increased economy and efficiency
to the Government.

Date Contract Initiated : June 15, 1974

Current Annual Level : $625,000
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EMORY UNIVERSITY. YERKES PRIMATE CENTER (N01-CP-3-3343)

Title : Maintenance of a Colony of Irradiated Monkeys

Contractor's Project Director : Dr. Harold McClure

Project Officers (NCI) : Dr. Garrett Keefer
Dr. Lea I. Sekely

Objectives : To monitor the incidence of tumors in a unique group of
irradiated, aging rhesus monkeys and to supply tissue from tumors to VCP
collaborators for transplantation, tissue culture and virus isolation
studies.

Major Findings : During the past year a group of 86 aging and/or irradiated
rhesus monkeys and progeny were monitored by daily observations and
triannual physical and hematologic evaluation. These examinations speci-
fically concentrated on the detection of developing neoplasms. During the
most recent survey, 15 animals were noted to be moderately emaciated and
three have shown severe progressive emaciation. Six animals have masses
of varying size in the lower abdomen in the region of the uterus; one
animal has a large mass in one liver lobe; one animal has a large mass in

the thoracic cavity near the base of the heart; one animal has a mass in the
region of the left adrenal and/or anterior pole of the left kidney; and
skin and/or subcutaneous nodules or masses were present in 18 animals.

Results of recent hematologic surveys have revealed one animal with a

severe, progressive chronic anemia. A number of animals also continue to
have increased eosinophils in the peripheral blood. White blood cell counts
have ranged from a low of 3,000/cmm to a high of 15,100/cmm, with most
animals having leukocyte counts between 4,000 to 9,000/cmm.

One adult animal in this experimental colony died during the past year and
was found to have an adrenal pheochromocytoma. Electron microscopy of this
tumor was negative for virus-like particles.

The breeding program resulted in the delivery of five infants. Two of the
infants were normal, live births that are continuing to progress satisfac-
torily. Three of the infants were stillbirths, and two of these were
stillborn twins. There has been no evidence of tumor development in any of
the inoculated infant or immunosuppressed rhesus monkeys.

Significance to Biomedical Research and the Program of the Institute :

The VCP conducts collaborative projects for the study of relationships
between the etiologies of tumors of various primates. This project provides
tumor tissues and other important specimens from aging, irradiated non-human
primates for research within the VCP. At the same time the contractor
conducts a screening operation for the appearance of virus-like particles
or viral antigens in the monkeys. Malignant changes in these primates may
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provide useful information which might be applied to humans, who are also

subjected to various forms of radiation as well as to the natural aging

process.

Proposed Course : The entire group of monkeys will continue to be monitored

for neoplasia by physical and hematologic examinations. All tumors which

develop will be evaluated by the contractor by light and electron microscopy.

Specimens of these tumors will be made available to VCP investigators. In

addition, a breeding program is underway to evaluate the incidence of

leukemia or other tumors in infants with aging and irradiated parents.

Date Contract Initiated : May 1, 1971

Current Annual Level : $28,000

FLOW LABORATORIES, INC. (NOl-CP-6-1000)

Title : Repository for Storage and Distribution of Reagents, Sera

and Tissue Specimens

Contractor's Project Director : Mr. Harry F. Adkins

Project Officers (NCI) : Dr. Jack Gruber
Dr. David McB. Howell

Dr. Lea I. Sekely

Objectives : This contract effort provides a low temperature storage

facility for specially developed biological reagents and clinical specimens.

It receives, inventories, and stores for Program use, research reagents, and

normal and neoplastic human specimens, for further distribution to designated

scientific investigators as authorized by the Project Officer of the Office
of Program Resources and Logistics, Viral Oncology, NCI. Accurate

inventories and records of distribution are provided. Additionally, the

contractor supplies adequate safety measures to maintain the integrity of

all materials stored.

Major Findings : During the current period, the contractor made 544 shipments
of viruses, viral reagents, and sera which comprised a total of 15,127 vials

of material. He received 257 shipments of similar material which comprised

25,844 vials. All incoming shipments were carefully checked for damage in

transit and were cataloged before being placed in the low temperature
repository. During the same period, two thousand one hundred forty-three
tissue and fluid specimens were received by the NCI frozen tissue specimen
identification laboratory. All tissue specimens were examined by a pathol-
ogist, classified as to tumor and tissue type, and cataloged and stored for
further distribution. During this period 2,400 of these specimens were
distributed to 55 investigators as authorized by the NCI Project Officer.
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Significance to Biomedical Research and the Program of the Institute :

An efficient research program must have readily accessible, adequately
characterized resource materials. The laboratory, storage, and shipping

facilities operated under this contract enable collaborating investigators

to have access to a large inventory of special research materials without

the burden of procurement, storage, inventory, and distribution.

Proposed Course : It is anticipated that the activities of this contract
will continue to provide rapid and flexible support to changing needs of

the Viral Oncology Program and its collaborating investigators.

Date Contract Initiated : June 22, 1965

Current Annual Level : $180,000

FLOW LABORATORIES, INC. (NOl-CP-5-3566)

Title : Animal Holding Facility to Support Intramural Research on RNA

Viruses

Contractor's Project Director : Ms. J. Torgersen

Project Officers (NCI) : Dr. John W. Pearson
Dr. Garrett V. Keefer

Objectives : The objective of this contract is to support NCI intramural

research activities being conducted in the Viral Immunotherapeutic Section,

Laboratory of RNA Tumor Viruses. The nature of the intramural activities
requires the long-term holding of aged mice, rats, and guinea pigs for study

of the effects of drug therapy, surgery, vaccines, non-specific immune

stimulators and interferon used alone or in combination against viral-

associated transplantable tumor lines.

Major Findings : During the past year, the contractor received and held a

total of 5,000 animals of various species. The rats and guinea pigs were
received as weanlings and were held and monitored for two to six months
to support the following: 1) continued effort to develop a better drug

regimen against a guinea pig leukemia; 2) in vivo efforts to monitor for

cellular suppression following drug therapy or surgery; 3) the potentiation
of vaccines via long term immunization studies; 4) long term observation
for development of metastatic lesions following surgical removal of the

primary tumor; and 5) in vivo studies involving mechanisms of action of

immune stimulators. In addition, weekly shipments of leukemic and normal

bloods, serum, plasma, peritoneal exudates, lymphatic tissue, tumor cells,

and other organs have been sent to various NCI investigators.
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Proposed Course : The holding and monitoring of animals to support the

above-mentioned studies and the shipment of biological specimens to NCI

investigators will continue.

Date Contract Initiated : June 15, 1971

Current Annual Level : $160,000

FLOW LABORATORIES, INC. (NOl-CP-5-3528)

Title : Virus and Reagent Production and Purification

Contractor's Project Director : Dr. Raymond Gil den

Project Officers (NCI) : Dr. Robert Huebner
Dr. David McB. Howell

Objectives : To provide viruses and viral reagents to NCI intramural
personnel and contractors engaged in a broad approach aimed at defining the

role of viruses or genetically related elements in human cancer and inter-
vention in their activity. Central to this function is the production of
large amounts of viruses derived from different species and purification of
these viruses by centrifugation techniques. In addition to the production
of viruses and viral products, the operation is also involved in producing
viral vaccines for anti-cancer vaccine studies in a number of species.

Major Findings : This contract carries out the following tasks: a) growth
and purification of large volumes of viruses as specified by the NCI

project officer; b) characterization of products by protein determination,
particle counts, and quantitative immunoassays; c) distribution of virus

internally and to collaborating VCP investigators as designated by the

project officer with the cognizance of the Office of Program Resources and

Logistics; and d) inoculation of purified virus and viral subunits into

suitable animals for production of antisera.

During the past year, the contractor has processed 11,000 liters of tissue
culture fluid, with a final yield of 12,017 ml. of concentrated virus.
These materials were derived from multiple cell lines and include viruses
of mouse, rat, hamster, cat, baboon. Gibbon ape, Woolly monkey, and bovine
origin. Among the agents produced are: Woolly monkey sarcoma virus;
ATS-124 virus; M-7 virus; BKD virus; Gross leukemia virus; Kaplan radiation
leukemia virus; SEM-292 wild mouse virus; bovine leukemia virus; Rauscher
leukemia virus; and feline leukemia virus. The concentrates were used by

personnel of contract NOl-CP-5-3528 for reagent production (e.g., neutral-
izing and component antisera) and supplied to investigators for use in

immunochemical and molecular hybridization studies. In addition, viral
preparations were supplied to the National Cancer Institute for vaccine
studies and routine serological testing; also supplied were a variety of
antisera. Viral concentrates and antisera were also supplied to Drs. F.

Dixon and F. Jensen, Scripps Clinic; D. Bolognesi, Duke University;
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J. Hartley, NIAID, M. Gardner and J. Brown, USC; T. Aoki, NCI; P. Arnstein,
NCI; Dr. A. Freeman, Akron Children's Hospital; Drs. Price and Parker, MAI;
and numerous other investigators.

In addition to virus production activities, the contractor produced
neutralizing antisera against ATS-124 virus, baboon (M7) virus, Rauscher
leukemia virus, Kaplan radiation leukemia virus, SSV-1, Gross leukemia virus,
bovine leukemia virus, SEM-292 virus, and others. In addition, the
contractor produced specific antisera against the following antigens: Gross
LV gp70, Rauscher LV gp70, NZB virus pl5, FeLV p30, M-7 virus gp70, and

SSV-1 gp70.

Significance to Biomedical Research and the Program of the Institute :

The materials provided by this contract are being applied to detect the
presence of viral nucleic acids within human and animal tumor cells, to

investigate viral and cellular contributions to neoplastic transformation
at the molecular level, and to characterize the biological activity,
antigenic composition, and relationship to known viruses of new agents
isolated from human and animal tumor and other tissues.

Proposed Course : In order to promote greater efficiency and economy in

this effort, the activities embraced within this contract were transferred
to other activities and the present contract terminated on March 31, 1976.

Date Contract Initiated : February 1, 1971

Current Annual Level : $820,000

FLOW LABORATORIES, INC. (N01-CP-5-3529)

Title : Support Services to Maintain Studies on Herpesviruses

Contractor's Project Director : Dr. Jeffery G. Derge

Project Officer (NCI) : Dr. Berge Hampar

Objectives : The objective of this contract was to provide support services
for herpesvirus studies carried out by NCI personnel or under NCI direction
at the contract facility.

Major Findings : During the seven months prior to termination of the contract,
this contractor provided the following support services: a) preparation and

formulation of tissue culture media; b) maintenance of human and non-human
cell lines, c) large-scale production of cells; d) initiation of new cell

lines; e) maintenance of animal facilities; f) maintenance of stocks of
human and animal herpesviruses; g) routine serologic and biochemical assays
for viruses; h) routine nucleic acid hybridizations; i) immunization of

animals; j) routine immunofluorescent assays; k) electron microscopy;

1782



1) histology and pathology; and m) glassware services.

Significance to Biomedical Research and the Program of the Institute :

The research program of the Microbiology Section, Laboratory of DNA Tumor

Viruses is concerned with determining whether herpesviruses play a primary

or ancillary role in the induction of human tumors. The support services

provided by the contract, which are essential to the proper execution of

these NCI-directed studies, were transferred to another facility on

May 31, 1976, and the present contract terminated.

Proposed Course : This contract effort was terminated on May 31, 1976.

Date Contract Initiated : February 1, 1971

Current Annual Level : $377,000

GEORGETOWN UNIVERSITY (NOl-CP-3-3404)

Title : Supply of Blood and Tissue Specimens from Patients with Malignancies

Contractor's Project Director : Dr. Richard A. Binder

Project Officer (NCI) : Dr. David McB. Howell

Objectives : To collect fresh blood and tissue specimens from patients
suffering from various neoplasias.

Major Findings : During the twelve month period preceding termination of

this contract effort, the contractor forwarded a total of 108 specimens to

the NCI-Litton Bionetics Resources Processing Laboratory and the NCI-Flow

Laboratories Repository for Program utilization. This represents a

compilation of 104 serial sera, 2 malignant pleural effusions, and 2 solid,

malignant tumors.

Significance to Biomedical Research and the Program of the Institute :

It is vitally important that a continuing supply of specimens from patients

suffering from neoplasias be available to researchers seeking the viral

etiology of cancer. The activities of this contract, which was terminated
in the interest of greater efficiency, have been taken over by another
contractor in the Washington area, thereby assuring a continuing supply
of fresh specimens for research.

Proposed Course : This contract was terminated on September 27, 1975.

Date Contract Initiated : June 28, 1972

Current Annual Level: No funds from FY 1976
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HAZLETON LABORATORIES, INC. (NQ1 -CP-6-1024)

Title : Support Services to Maintain Studies on the Role of Viruses in

Experimental Oncogenesis and Human Cancer

Contractor's Project Director : Dr. David Valerio

Project Officer (NCI) : Dr. Stuart A. Aaronson

Objectives : The objective of this contract is to provide services in

support of research into the role of viruses in experimental oncogenesis and
human cancer.

Major Findings : During the past year, this project provided necessary and

essential services to support in-house research of the Molecular Biology
Section, Laboratory of RNA Tumor Viruses concerning the viral etiology of
human cancer. The functions included preparation of tissue culture medium
according to rigid standards for sterility and cell viability as well as

provision of freezer space for medium storage. The project produced
specialized viruses and cells in large quantities for NCI staff and
established and propagated human tumor cell lines and other specialized
lines in tissue culture as reagents for the Viral Oncology Program.

The project also provided standardized assays according to established
protocols for the detection and quantitation of type C RNA viruses in

samples supplied on a routine basis by NCI staff. These tests included
radioimmunoassays for type C RNA viral polypeptides, the reverse transcrip-
tase assay, RNA-DNA and DNA-DNA hybridization, and biologic assays Including
the focus forming assay for sarcoma viruses and the X-C plague assay for
leukemia viruses. Electron microscopy was also available as a service on

a limited basis.

Other services provided by the project in support of NCI in-house research
included glassware facilities and care and holding of animals. The project
provided facilities which strictly adhered to biohazard regulations of NCI.

These included separate laboratories for work with different viruses.
Including those classified as moderate risk agents.

Significance to Biomedical Research and the Program of the Institute:
This project provides essential functions for highly productive in-house
research whose goals are to establish a viral etiology of human cancer and

to develop methods by which to prevent this disease. The project also
provides the Viral Oncology Program important resources including human
tumor cell lines established in tissue culture, specialized viruses, and

testing services for detection and identification of new virus isolates.

Proposed Course : The contractor has proven expertise in providing these
services and has a very high probability of continuing these efforts at a

superior level of performance.
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Date Contract Initiated : September 1, 1972

Current Annual Level : $675,000

HEALTH RESEARCH, INC. (RPMI) (N01-CP-4-3392)

Title : Supply of Blood and Tissue Specimens from Patients with Malignancies

Contractor's Project Directors : Dr. John W. Pickren
Dr. Joseph Sokal

Project Officers (NCI) : Dr. Lea I. Sekely
Dr. David McB. Howell

Objectives : To collect tissues and blood samples from adults with
malignancies for use by cancer researchers within the Viral Oncology Program.

Major Findings : Health Research, Inc. is located at the Roswell Park

Memorial Institute in Buffalo, New York, one of the major centers for

treatment of cancer in this country. During the past year, 162 specimens
from autopsy were shipped to the NCI repository at Flow Laboratories, Inc.

The most common tumors were carcinoma of the breast, carcinoma of lung,

malignant melanoma, adenocarcinoma of rectum and malignant lymphoma. Most

of the tissue represented metastases involving liver, lung, lymph node, or

bone marrow. Uncommon tumors were rhabdomyosarcoma and malignant teratoma.

Moreover, 139 surgical and blood specimens were shipped to the NCI Resources

Processing Laboratory at Litton Bionetics, Inc. Thirty different types of

tumors were represented with the most common being adenocarcinoma of breast,

carcinoma of lung, chronic myelocytic leukemia, chronic lymphocytic leukemia

and Hodgkin's disease. Tissues were generally primary cancers and included

neoplasms of breast, lymph nodes and lungs. A representative portion of

spleens was collected in cases of chronic myelocytic leukemia, Hodgkin's
disease and chronic lymphocytic leukemia. Blood was forwarded from patients

with chronic myelocytic leukemia, Hodgkin's disease and chronic lymphocytic
leukemia. In addition, leukoplaks containing approximately 10^2 leukocytes
concentrated by the NCI-IBM blood separator were made available to NCI

investigators. Hepatoma, teratoma, liposarcoma, and leiomyosarcoma repre-
sented unusual types of cancer. The surgical and blood specimens shipped
were from materials remaining from standard surgical and clinical procedures
after the necessary portions for diagnostic purposes were obtained.

On July 1, 1975, a reorganization took place with Dr. John W. Pickren, Chief
of Pathology, becoming the principal investigator and Dr. Sokal continuing
as co-investigator. An additional technician was obtained to work with
Dr. Pickren who became directly responsible for obtaining material from
surgical and autopsy specimens. An increase in the number of surgical and

autopsy specimens resulted from this reorganization.
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Significance to Biomedical Research and the Program of the Institute :

A major goal of the VOP is to isolate, propagate, characterize, and identify
candidate human cancer viruses. Of paramount importance in the efforts
to reach this goal is the continued availability of clinical specimens from
patients with cancer. This institution has available a large number of

cancer patients and, on a continuing annual basis, is in an excellent
position to help meet increasing program needs for large quantities of

human neoplastic specimens.

Proposed Course : It is anticipated that the increased rate of specimen
acquisitions achieved during the past year will be continued.

Date Contract Initiated : June 22, 1972

Current Annual Level : $38,575

HEKTOEN INSTITUTE FOR MEDICAL RESEARCH (NOl -CP-4-3344)

Title : Supply of Fresh Human Materials Obtained from Patients with
Neoplastic Diseases

Contractor's Project Director : Dr. Paul Szanto

Project Officer (NCI) : Dr. Lea I. Sekely

Objectives : The objective of this contract is to provide sterile, viable,

and freshly frozen normal or neoplastic human specimens to collaborating
laboratories for biological, chemical, and virological cancer research
investigations.

Major Findings : The Division of Pathology of the Hektoen Institute for

Medical Research is affiliated with the Cook County Hospital in Chicago,

niinois. Last year this hospital admitted 53,269 patients and the

Pathology Division received 21,226 specimens for diagnosis; in addition,

there were 457 autopsies performed. The principal investigator, the

Director of the Pathology Division, made available a large number of human

specimens not needed for clinical or pathologic diagnosis to investigators
collaborating with NCI. A total of 236 sterile tissue specimens were

shipped to the NCI Resources Processing Laboratory at Litton Bionetics, Inc.

Diagnoses represented carcinoma of the breast, ovary, stomach, kidney,

esophagus; malignant lymphoma and Hodgkin's disease; liposarcoma, and a

number of benign noeplasms and normal tissues. A total of 826 tumor and

organ specimens were also shipped to the NCI frozen tissue repository at

Flow Laboratories, Inc. The tumors represented included carcinoma of the

bladder, carcinoma of the cervix, lymphomas, leiomyosarcoma, angioma, and

carcinoma of the pancreas. Normal adult and fetal tissues, placentas, and

benign tumors were also supplied.
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Significance to Biomedical Research and the Program of the Institute :

A continuous supply of appropriate human tissues from patients with cancer
is vital to cooperative cancer research investigations. In order to carry
out important studies on the biochemistry and immunology of suspected
oncogenic human viruses, it is imperative that large quantities of human
malignant tissues be available for analysis.

Proposed Course : This contractor will continue to supply tissue specimens
from patients with neoplastic disease and from normal individuals.

Date Contract Initiated : June 17, 1974

Current Annual Level : $90,000

HOSPITAL FOR SICK CHILDREN (NOl-CP-2-3266)

Title : Normal and Leukemic Human Tissue Collection

Contractor's Project Director : Dr. Peter D. McClure

Pro.iect Officers (NCI) : Dr. Lea I. Sekely
Dr. Jack Gruber

Objectives : To gather serum, whole blood, and tumor specimens for a wide
variety of research purposes from pediatric leukemics, relatives of such
patients, and non-leukemic controls, during the course of normal clinical
procedures.

Major Findings : During the year the contractor collected serum samples
from new patients with leukemia and from patients on long-term follow-up
for use by Virus Cancer Program collaborating investigators. Seventeen
tissue samples and seventy-eight frozen and three fresh buffy coats from
leukemia were shipped to the NCI Resources Processing Laboratory at Litton
Bionetics for distribution, while sera from twenty-seven new leukemias,
sixty-four follow-up leukemias, forty-eight new tumor cases, forty-three
follow-up tumor cases, thirty-eight normal controls, and twenty-two
hematologic controls, as well as whole blood samples, were shipped to the
NCI Repository at Flow Laboratories, Inc. Attempts were made to isolate
leukemic white cells greater than 1 gram, and deliver fresh specimens to
NCI investigators within a 24 hour period.

Significance to Biomedical Research and the Program of the Institute :

As the largest pediatric hospital in North America, this contractor supplies
many vital serum specimens to the VCP not readily available elsewhere. The
contractor also provides an important service to Program by providing
numerous samples of fresh and frozen buffy coats and tissue specimens.
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Proposed Course : The contractor will continue to collect solid tumor tissue,

sera, and leukemic white cells.

3gte Contract Initiated : February 3, 1965

Current Annual Level : $15,000

HUNTINGDON RESEARCH CENTER (NOl-CP-3-3223)

Title : Development of Oncogenic Virus Diagnostic Reagents and Services

Contractor's Project DirecjLor: Dr. Roger E. Wil snack

Project Officers (NCI) : Dr.^^avid McB. Howell

Dr. Barrett Keefer

Objectives : The objectives of this contract are to develop, produce, and

characterize special diagnostic reagents for use in the Viral Oncology
Program, primarily antisera and antisera conjugates to viruses, viral

polypeptides, gs antigens, globulins of various animal species, and the

T-antigen of SV40 in tumored hamsters.

Major Findings : The contractor during this reporting period produced and

characterized antisera against a ^ery wide array of antigens encountered in

cancer research, and added a number of antisera to his inventory. Among

the new antisera added during this period are: goat anti-AKR virus p30;
goat anti-Raushcer leukemia virus (RLV) gp69/71 ; pig anti-BALB 2 virus,
autologous cell origin; goat anti-baboon virus p28; goat anti-AKR virus plO;

goat anti-rat leukemia virus; goat anti-baboon virus reverse transcriptase;
goat anti-RD-114 reverse transcriptase; goat anti-feline leukemia virus

gp70; goat anti-AT-124 virus; goat anti-gibbon ape lymphoma virus. Thai

strain; goat anti-RLV pl5; goat anti-RLV plO; and goat anti Gross leukemia
virus pl2.

During this report period the contractor distributed over 30,000 ml. of

antisera to over 175 collaborating investigators in the VCP. It is

anticipated that this level of activity will continue.

Significance to Biomedical Research and the Program of the Institute :

The reagents and test systems developed and produced by the contract are
vital tools in cancer research. The project functions in close collaboration
with VCP research projects and is of very significant usefulness to the
needs of the program.

Proposed Course : To continue development, characterization, and production
of antisera and serological test systems.

Date Contract Initiated : June 2, 1963

Current Annual Level : $354,959
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ILLINOIS, UNIVERSITY OF (N01 -CP-4-3345)

Title : Supply of Fresh Human Materials Obtained from Patients with
N,eoplastic Diseases

Contractor's Project Director : Dr. Tapas K. Das Gupta

Project Officer (NCI) : Dr. Lea I. Sekely

Objectives : The purpose of this project is to gather clinical by-product
specimens of malignant human tumors and sera, pleural and ascites fluids,
and whole blood from cancer patients for cancer research.

Major Findings : A large number of cancer patients were observed by the
principal investigator of this contract at the University of Illinois
Hospital, and VA West Side Hospital, and the Cook County Hospital in

Chicago, Illinois. These three hospitals were the prime collection points
for human specimens. During the past year 134 solid tumors, 256 whole
bloods, 208 sera, and 10 pleural and ascites fluids were shipped to the
NCI Resources Processing Laboratory at Litton-Bionetics for subsequent
distribution to investigators.

Significance to Biomedical Research and the Program of the Institute :

This project provides cooperating investigators with specimens from cancer
patients in order to permit them to undertake intensive studies of the
possible viral etiology of human cancer.

Proposed Course : To continue to gather tissues and sera from human subjects
with neoplastic tumors to be used by collaborating investigators in the
search for tumor-specific antigens and human oncogenic viruses.

Date Contract Initiated : June 17, 1974

Current Annual Level : $57,309

JEWISH HOSPITAL AND MEDICAL CENTER (N01 -CP-4-3251

)

Title : Supply of Human Specimen Material from Patients with Malignancies

Contractor's Project Director : Dr. Harvey Dosik

Project Officer (NCI) : Dr. Lea I. Sekely

Objectives : To provide tissues and serum specimens from patients with
various types of malignancies and genetic disorders related to cancer, as
well as from patients with disorders of a non-malignant nature, to
collaborating investigators for cancer research.
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Major Findings : The Hematology Service of the Jewish Hospital, of which the

principal investigator is Director, is the largest in the city of Brooklyn

with approximately 1,100 new in and outpatient referrals per year. This

large population of patients permitted the contractor during the past year
to provide 353 serum samples from patients to the Program. In addition,

239 sterile and unsterile tumor specimens were collected from biopsy and

autopsy procedures and shipped to the NCI-Litton Bionetics Resources
Processing Laboratory and the NCI-Flow Laboratories Repository. Moreover,
6 whole blood and bone marrow specimens were made available to NCI

collaborating investigators.

Significance to Biomedical Research and the Program of the Institute :

Fresh and frozen tissue and sera from patients with malignant disorders,
related disorders, and individuals without malignancies are necessary for

experiments to determine the etiology or etiologies of various malignancies.
This contract effort is unique in that it has access to clinical by-product
material from patients with chromosomal abnormalities who are known to be

individuals with a high risk of cancer.

Proposed Course : Continue to supply normal and neoplastic tissues from
individuals with chromosome abnormalities and various malignancies.

Date Contract Initiated : March 1, 1973

Current Annual Level: $59,950

JOHNS HOPKINS UNIVERSITY (N01-CP-3-3245)

Title : Pediatric Tumor Resource

Contractor's Project Director : Dr. Herbert Kaizer

Project Officers (NCI) : Dr. Paul Peebles
Dr. Jack Gruber

Objectives : The goal of this contract is the collection and distribution of

biological materials related to pediatric malignant diseases.

Major Findings : This contract effort gathers clinical by-product material
from an active pediatric oncology program at the Johns Hopkins Hospital.
Its geographic proximity to the National Cancer Institute makes the effort
an ideal resource of tumor material for a variety of studies being under-
taken by the NCI Viral Oncology Program.

For the period of this report a total of 55 specimens from 37 different
patients were transmitted. In general those materials included sera from
patients and family members, body fluids containing tumor cells and solid
tissues that became available from biopsy or necropsy, including tumor and
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uninvolved organs or adjacent tissues. Most solid specimens have been in

excess of one gram and all materials, except those from necropsy, were
transmitted sterilely within a few hours. The contractor also started a

collection of sera obtained from oncology clinic patients and their families
during the course of clinical activities. These sera have been transferred
periodically in large batches to the NCI repository at Flow Laboratories, Inc.

Significance to Biomedical Research and the Program of the Institute :

Detection, treatment, and prevention of human cancer requires an accurate
determination of its etiology. Viruses have been implicated as possible
causative agents in human cancer. Unfortunately, a lack of sufficient
tumor material from patients in the pediatric age group limits investi-
gations for oncogenic viruses that may have been vertically transmitted
from mother to child. Materials from this contract will help make possible
these imperative human studies.

Proposed Course : It is anticipated that this contractor will continue to

supply unique pediatric specimens to NCI.

Date Contract Initiated : March 1, 1973

Current Annual Level : $29,000

LIFE SCIENCES, INC. (N01-CP-3-3291

)

Title : Production of Avian Myeloblastosis Virus

Contractor's Project Director : Dr. Joseph W. Beard

Project Officers (NCI) : Dr. Michael A. Chirigos
Dr. John W, Pearson

Objectives : The objectives of this project are the large-scale in vivo

production of BAI strain A avian myeloblastosis virus (AMV) and the prepa-
ration and distribution of significant quantities of AMV reverse transcrip-
tase enzyme.

Major Findings : During the past year, the contractor obtained a total of
605.28 grams of AMV from the plasma of 348,673 chicks. Of this total amount
of virus, 246.96 grams were shipped as frozen plasma, 44 grams were shipped
as fresh plasma, 48.71 grams were used as an inoculum to produce more AMV,
and 265.61 grams were used to prepare reverse transcriptase enzyme (RDDP).

Sixty-three investigators were recipients of plasma containing a total of
290.96 grams of AMV during this period; thirteen investigators received
7,971 ml. of myeloblast cells of myeloblastic chicks; and a total of
1,395,336 units of RDDP was sent to 127 scientists. Recipients of these
materials were in laboratories throughout the world.
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significance to Biomedical Research and the Program of the Institute :

One of the major objectives of the VCP is to explore fully all important
animal model systems for the determination of the possible viral etiology
of cancer in man. Avian tumor viruses induce a variety of diseases similar
to those which occur in man (erythroblastosis, myeloblastosis, myelocyto-
matosis, reticuloendothel iosis, and sarcomas); the causative viruses have
been isolated and the disease can be induced in vivo under controlled
conditions which permit the study of the immunology, virology, biochemistry,
and therapy of the tumor virus complex. Moreover, BAI Strain A avian tumor
virus is the only RNA C-type virus which is at present available in large
enough quantities to permit exhaustive investigation into the biochemical
makeup and behavior of both the virus and its components. As such, it

represents an important model for the C-type viruses of higher animals and

is an essential tool in the search for cancer viruses in man. Future
studies will depend upon large quantities of concentrated virus, which the
contractor is uniquely in a position to supply.

Proposed Course : It is anticipated that the contractor will continue to

meet requests for avian myeloblastosis virus and will continue the prepa-
ration of significant quantities of AMV reverse transcriptase enzyme.

Date Contract Initiated : April 19, 1971

Current Annual Level : $495,000

LIFE SCIENCES, INC. (NOl-CP-6-1005)

Title : Production of Germfree and Reagent Grade Specific Pathogen-Free
Animals

Contractor's Project Director : Dr. Wendall M. Farrow

Project Officers (NCI) : Dr. Garrett Keefer
Dr. David McB. Howell

Objectives : To produce both germfree and specific-pathogen-free (SPF)

animals for cancer research. SPF animals are maintained under environ-
mentally controlled conditions which preclude intercurrent infection by
pathogenic microorganisms or infestation by parasites and are referred to

as "reagent grade" hosts.

Major Findings : During the past year one cubicle and one outbred expansion
colony of isolator-derived BALB/c mice contained approximately 500 female
breeders that supplied 275 timed-pregnant, 1,000 adult, and 1,800 weanling
mice to user laboratories. The outbred BALB/c colony was begun with a

sma^l, inbred BALB/c stock of ten to twelve pairs maintained in a Reyniers
isolator. One cubicle and two expansion colonies of 550 female, Caesarean-
derived, outbred NIH/Swiss mice supplied 397 timed-pregnant and 300 weanling
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animals to user laboratories, in addition to producing 800 young breeders
for development of the nude mouse colony. Three cubicles and three
expansion colonies of nude mice, derived from foundation stock reared in

isolators, supplied 360 timed-pregnant and 3,800 weanling (2,700 nude males
and 1,100 heterozygous females) animals to the Virus Cancer Program. Anti-
body testing of sera from BALB/c, NIH Swiss, and heterozygous females in

the nude breeder colony indicated all lines are free of eleven common murine
viruses.

A total of 12,000 fertile quail eggs and 220 young quail were supplied to

user laboratories from a highly selected Japanese quail flock of 280
breeders maintained in a primary barrier cubicle. The isolator-derived
flock was developed through elaborate trap nesting methods and recent
monitoring in this laboratory indicates the line is free of common avian

pathogens, including avian leukosis viruses and Marek's herpesvirus. An

isolator-derived, pedigreed chicken Supply Flock of 175 female breeders
supplied 2,500 fertile eggs and 4,200 nine-to-eleven day old embryos and

6,500 one-to-three day old chickens during the year. The flock was developed
from 45 pedigreed chickens which consistently demonstrated high productivity
over a period of several generations. The pedigreed flock was monitored
at regular intervals during the laying cycle and following retirement at
11-12 months of age. Extensive monitoring indicates the flock contain no

avian leukosis virus, Marek's herpesvirus or other common avian pathogens.
Regular phenotyping of eggs from pedigreed stock indicates presence of C/0
and C/B types. In subsequent generations, the phenotype may change from
one type to mixed thus requiring continual monitoring in each new flock
to clarify status of each pedigreed bird.

Significance to Biomedical Research and the Program of the Institute :

This contract provides VCP investigators with genetically and microbiologi-
cally well-defined laboratory animals. The advantage of having such animals
is that oncogenic and suspected oncogenic viruses can be administered to

them with a minimal danger of interference from other contaminating,
adventitious microorganisms. Therefore, research can be carried out upon
animals with a known and controlled viral flora, and cell lines can be

derived from these animals which share this same advantage.

Proposed Course : This service-type contract for the production of germfree
and reagent grade SPF animals will be continued, with the flexibility of
being reoriented as rapidly as possible to meet changing needs of VCP
activities as they occur.

Date Contract Initiated : February 8, 1968

Current Annual Level

:

$379,770
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LITTON BIONETICS, INC. (N01-CP-6-1006)

Title : Operation of a Facility to Provide and Maintain Subhuman Primates

for Cancer Research

Contractor's Project Director : Dr. John Cicmanec

Project Officers (NCI) : Dr. Garrett Keefer
Dr. Jack Gruber

Objectives : The objective of this contract is the maintenance of monkey

breeding colonies and laboratories necessary for inoculation, care, and

monitoring of primates.

Major Findings : During this report period efforts continued to provide both

New World and Old World primates and biological materials from these animals

for use by cancer research investigators, and to increase the size of the

New World primate breeding colonies. The New World breeding colony now has

359 animals representing eleven species; nineteen live births occurred in

the breeding colony during this report period.

Approximately 334 macaques comprising three species were in the Old World

breeding colony. Small breeding colonies of gibbon apes ( Hylobates lar )

and galagos ( Galago crassicaudatus ) were also maintained. One hundred and

forty-seven live births occurred in the Old World breeding colony, which
included four births in the gibbon ape breeding colony. One hundred and

thirty-seven animals were transferred to the Primate Oncogenesis Section

whereas 134 animals were transferred from the Primate Oncogenesis Section

to other Government-supported projects. At the close of the report period,

440 primates remained in the Primate Oncogenesis Section.

In support of these efforts, personnel in the Department of Pathology
performed 111 complete necropsy procedures involving the preparation of

1,585 microslides (89 with special stains). The surgery team performed 12

major procedures to support the program, and the Department of Microbiology

continued its support by performing specimen cultures, antibiotic sensitivity

testing, and environmental monitoring. The Hematology Section performed

7,584 complete blood counts and stored over 880 serum samples. Sixty-five

coagulograms, 824 clinical chemistry procedures, and three bone marrow
biopsies were processed. Routine monitoring and cataloging of specimens

continued in the Parasitology Section. A total of 120 tissue or serum

samples were transferred or sent to outside investigators. At the close of

the report period, work continued on 26 active special study programs for

investigators as directed by the Project Officer.

Significance to Biomedical Research and the Program of the Institute :

Inasmuch as experimentation for the biological activity of candidate human

viruses will not be carried out on humans, it is imperative that another
system be developed for these determinations and subsequently for the

evaluation of vaccines or other measures of control. The close phylogenetic
relationship of the lower primates to man justifies utilization of these
animals for these purposes.
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Proposed Course : This contract will continue the following activities:
the maintenance of breeding colonies of macaques and the expansion and
maintenance of breeding colonies of six different species of New World
primates; production of 200 to 260 infants of various species of both
Old World and New World primates for use in experimental studies; continuing
efforts in the establishment of a breeding colony of gibbon apes; and the

long-term holding and study of experimental animals inoculated by collab-
orating investigators. All of the systems needed for the production, hand

rearing, isolation, and proper care of the primate species represented are
included within this program.

Date Contract Initiated : February 12, 1962

Current Annual Level : $1,367,893

LITTON BIONETICS, INC. (NOl -CP-4-3260)

Title : Receipt and Distribution of Human Specimens

Contractor's Project Director : Mrs. Shirley Norris

Project Officers (NCI) : Dr. Jack Gruber
Dr. David McB. Howell

Dr. Lea I. Sekely

Objectives : As a service and support effort for the Office of Program
Resources and Logistics, this contract provides processing and logistics
arrangements for the receipt and delivery of fresh human tissues for
cancer research scientists.

Major Findings : Biological by-product materials handled by this project are
available from routine clinical diagnostic and treatment procedures. These
include tumor tissues, blood samples and other surgical and autopsy tissues
contributed from 12 resource contractors in the United States and Canada.

During a 12 month period, more than 1,400 specimens were picked up from
local hospitals and airports and brought to the resources laboratory where
condition of the specimens was observed, a representative sample was removed
for quality control, and sterile aliquoting was performed when samples were
larger than required by a single investigator. Specimens were distributed
to investigators as directed by the NCI project officer. Fresh specimens
were delivered by messenger to investigators in the Baltimore and
Washington areas. Air Freight shipments were made to investigators at
more distant locations. Additionally, serum collections were received from
more than 2,000 donors and aliquoted and stored for further distribution.
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Significance to Biomedical Research and the Program of the Institute :

It is not sufficient merely that sources of human tumor materials for

cancer research exist; it is also necessary that the capabilities of these

sources be coordinated with the needs of investigators who require specific,

and often fresh, specimens. This contractor, under the direction of the

NCI project officer, serves as a direct interface between user and supplier.

Proposed Course : Continue to receive blood and tumor specimens as in the

past. Materials will be provided to investigators at the direction of the

NCI Project Officer.

Date Contract Initiated : November 1, 1973

Current Annual Level : $170,000

LITTON BIONETICS, INC. (NOl -CP-4-3249)

Title : Support Services for the Application of Animal Virus Model Systems

to Human Neoplasia

Contractor's Project Director : Dr. Alan Rein

Project Officer (NCI) : Dr. Robert Bassin

Objectives : The purpose of this project is to provide facilities and staff

to support laboratory research investigations by intramural NCI scientists.

Major Findings : During the past 12 months the contract has supported NCI

research investigators by the propagation and maintenance of approximately

100 cell lines, each in a well-defined, stable condition as required for

particular experimental uses. It has also performed in vitro infectivity

assays for murine sarcoma and leukemia viruses, at a level of approximately

100-300 assay plates in the 12-month period. It has also carried out over

39,000 assays for DNA polymerases in virus and cell preparations, and

numerous complement fixation and radioimmunoassay tests for virus-related

antigens.

Other support has included the production, characterization, and storage of

new cell lines; production and characterization of virus stocks;

fractionation of cell extracts for studies on virus-associated enzymes; and

production and characterization of immune sera and immunocompetent cells.

Significance to Biomedical Research and the Program of the Institute :

An understanding of viral defectiveness and the role "helper" viruses play

is of value in dei.ermining the occurrence and mechanism of viral oncogenesis

by type C viruses in man. The identification of viruses or viral products

in human tumor cells is of value in assessing the role of viruses in human

cancers, and ultimately, in developing techniques of both diagnostic and
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therapeutic significance. This contract provides the support facilities
necessary for the carrying out of this research.

Proposed Course : The contractor will continue to provide the following
services: maintain cell cultures in an optimal state for virus production;
carry out quantitative virus assays; recover virus-related products from
the cells themselves; monitor cell cultures for virus production by a

variety of specific biological assay techniques as well as by specialized
enzyme assays.

Date Contract Initiated : June 27, 1969

Current Annual Level : $493,000

MELOY LABORATORIES (NOl -CP-4-3263)

Title : Mouse Mammary Tumor Virus Production Facility

Contractor's Project Director : Dr. Ron Gillette

Project Officers (NCI) : Dr. Wade Parks
Dr. David McB. Howell

Objectives : To propagate, concentrate, and distribute murine mammary tumor
virus (MTV) for collaborating VCP investigators; to perform immunological
and biological assays for the detection and quantitation of MTV; to produce
MTV from tissue culture; and to develop improved methods for the propagation
and detection of MTV and MTV antigens.

Major Findings : The primary purpose of this contract is the production of
quality reagents for the study of the mouse mammary tumor virus system as
a model for the further examination of the human breast cancer problem.

The current RIII colony presently consists of approximately 2,000 breeding
females, of which 1,500 are in the dairy facility. This number of animals
is sufficient to produce from 150 to 200 ml. of milk per week.

A total of 15.3 liters of RIII milk was collected during the report period
and one hundred ninety virus purification runs were completed yielding a

total of 229 ml. of purified mammary tumor virus. A total of 540 mammary
tumors have been recorded and distributed. In addition, the contractor has
investigated methods for increasing the breeding efficiency of the animal
production colony.

The following antisera have been prepared and distributed: rabbit anti-
C3H-MTV, guinea pig anti-RIII-MTV, goat anti-MTV gp-52, and goat anti-gp-27.
MTV reagents have been distributed to over 50 investigators in the U.S.A.
and also to a number of foreign laboratories.
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Significance to Biomedical Research and the Program of the Institute :

Breast cancer is a leading cause of death from cancer among women. A major
effort of the Virus Cancer Program is directed toward determining the

relationship of viruses to human breast cancer. This contract was

established for the purpose of obtaining correlative information on the

detection, isolation, and propagation of a murine mammary tumor virus,

because this is the only available animal model system in which approaches

to the study of viruses as a cause of breast cancer in humans may be

developed.

Proposed Course : Purified MTV, viral reagents, and mouse milk will continue

to be supplied as needed by VCP investigators.

Date Contract Initiated : January 13, 1974

Current Annual Level : $293,485

MELOY LABORATORIES (N01 -CP-4-3236)

Title : Support Services for Immunological and Biochemical Studies of

Mammalian Viral Oncology

Contractor's Project Director : Dr. John E. Verna

Project Officers (NCI) : Dr. Edward Scolnick
Dr. Wade Parks

Objectives : The purpose of this contract is to provide support services and

facilities for studies on the immunology and biochemistry of mammalian viral

oncology.

Major Findings : During the past year this contract provided essential

services and facilities to support in-house research of the Laboratory of

Tumor Virus Genetics, VOP, DCCP, concerning the viral etiology of human

cancer. Among the services furnished by the contractor were: preparation

and formulation of tissue culture media; maintenance of human and non-human

cell lines; large-scale production of cells; initiation of new cell lines;

maintenance of animal facilities; maintenance of stocks of human and animal

oncornaviruses; routine biochemical assays for viruses; routine nucleic acid

hybridizations; immunization of animals; routine immunofluorescent assays;

electron microscopy; glassware services; and preparation of viral structural

proteins and enzymes and cellular enzymes used for the study of RNA tumor

viruses.

Significance to Biomedical Research and the Program of the Institute :

The ability to detect viral information in transformed cells is basic to

establishment of etiological association, and to an ultimate approach to

prevention or treatment of cancer. This contract provides services and

facilities essential to studies whose purpose is to develop this ability.
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Proposed Course : Continuation of support services as described.

Date Contract Initiated : May 25, 1965

Current Annual Level : $940,231

MELOY LABORATORIES (NOl-CP-4-3207)

Title : Support Services for Studies on Spontaneous and Virus Induced
Neoplastic Transformation

Contractor's Project Director : Dr. John E. Verna

Project Officer (NCI) : Dr. George J. Todaro

Objectives : The objective of this contract is to provide facilities and
support services for intramural studies on spontaneous and virus-induced
neoplastic transformation.

Major Findings : During the past year this contract provided necessary
facilities and services to support in-house research of elements of the
Laboratory of Viral Carcinogenesis, VOP, DCCP, into the viral etiology of
human cancer. Among the services furnished by the contractor were:
a) preparation and formulation of tissue culture media; b) maintenance of
human and non-human cell lines; c) large-scale production of cells;
d) initiation of new cell lines; e) maintenance of animal facilities;
f) maintenance of stocks of oncogenic and potentially oncogenic human and
animal viruses; g) routine serologic and biochemical assays for viruses;
h) routine nucleic acid hybridizations; i) immunization of animals;

j) routine immunofluorescent assays; k) electron microscopy 1) histology
and pathology; and m) glassware services.

Significance to Biomedical Research and the Program of the Institute :

Important findings regarding the mechanism of action of oncogenic viruses,
their effects on cellular growth control mechanisms and their possible
involvement in natural oncogenesis have been developed from a number of
projects on this contract. A number of new type C viruses have been
isolated and characterized and have provided much information on the nature
of type C virus-cell interactions. Hopefully, the techniques employed in

inducing and growing these viruses may be used to isolate a complete human
type C virus which would immeasurably aid in studies of the possible viral
involvement in human cancer. The services afforded by this contract are
of essential importance in furthering this research.

Proposed Course : To continue to provide services and facilities in support
of the indicated research.

Date Contract Initiated : May 25, 1965

Current Annual Level: $1,250,000
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MELOY LABORATORIES (N01-CP-5-3508)

Title : Support Services for Cell Biology and Cancer Research

Contractor's Project Directors : Dr. Kenneth Blackman
Dr. Michael Kelley

Project Officer (NCI) : Dr. Charles W. Boone

Objectives : The purpose of this contract is to prepare virus-augmented
human tumor skin test antigens, to provide a radioimmunoassay facility,
and to provide animal support facilities for NCI investigators.

Major Findings : During the past year, this contract provided for the
preparation of skin test antigens from three human melanoma cell culture
lines and one normal human fibroblast control line. Cell membranes were
prepared from both vesicular stomatitis virus (VSV)-infected and non-
infected cells and sent to Dr. Edmund Klein at Roswell Park Memorial
Institute to demonstrate the virus augmentation of skin test antigenicity
in patients with malignant melanoma. This contract also provided extensive
safety testing of these preparations as described by the Bureau of

Biologies. Other functions of the contract in this area included support
facilities for cell culture including cryogenic storage and retrieval of
cells for NCI investigators, primarily in the Cell Biology Section,
Laboratory of Viral Carcinogenesis.

Viruses being studied (e.g., VSV, WSA influenza, equine influenza) were
propagated in embryonated eggs and in tissue culture and were titrated by

hemagglutination and/or tissue culture infectivity assays.

The paired-label radioimmunoassay (RIA) facility has prepared paired-label
mixtures (125i-iabelled normal protein plus '^'l-labelled immune protein)
and '2^1-labelled mouse serum for NCI investigators, primarily Drs. Steven
O'Brien and N. Takeichi. The paired-label RIA has been performed to

measure the appearance of viral antigens on human tumor cells following
infection.

The animal holding facility has provided long-term maintenance of approxi-
mately 2,500 mice and 75 rats and has maintained 31 transplantable tumor
lines in vivo in support of the Cell Biology Section, Laboratory of Viral

Carcinogenesis, NCI. The facility has also performed radioisotopic foot
pad skin test assays for quality control of virus augmentation. For this
purpose, the facility has prepared and maintained various types of tumor-
immune mice, primarily for investigators in the Cell Biology Section.

Significance to Biomedical Research and the Program of the Institute :

Virus augmentation of human tumor skin test antigens appears to provide a

sensitive immunological tool for early diagnosis and monitoring of the cancer
patient. Resources and services furnished by this contract were used for
further investigation of this phenomenon.

1 800 /



Proposed Course : This contract is scheduled for termination on August 19,

1976, and essential activities will be continued elsewhere.

Date Contract Initiated : August 20, 1971

Current Annual Level : $195,880

MEMORIAL HOSPITAL FOR CANCER AND ALLIED DISEASES (NOl-CP-4-3335)

Title : Acquisition of Human Specimens for Use in Cancer Research

Contractor's Project Director : Dr. Yashar Hirshaut

Project Officers (NCI) : Dr. Lea I. Sekely
Dr. Garrett Keefer

Objectives : To collect sera and tissues from human subjects with neoplastic
tumors to be used in cancer research studies by collaborating investigators
within the Viral Oncology Program.

Major Findings : This contract represents one of the major acquisition and
distribution efforts for the various human neoplastic specimens materials so
necessary to the multifaceted research programs currently in progress that
are seeking to ascertain the possible relationship of viruses to the
etiology of human cancer.

During the report period, the contractor provided to collaborating labora-
tories over 860 tissue specimens, including 574 tumors, 230 bone marrow
samples, and 56 soecimens of white blood cells. Additionally, 1,853 sera
samples were sent to research investigators, and 1,012 sera from cancer
patients and 2,753 sera from normal subjects were provided to the OPR&L
serum bank for future distribution.

Significance to Biomedical Research and the Program of the Institute :

In the last ten years, rapid progress has been made in the study of
oncogenic animal viruses. Unfortunately, human studies have frequently been
limited by the lack of suitable materials to be used in virus isolation and
detection attempts. The procurement program at Memorial Hospital for Cancer
and Allied Diseases in New York City provides cooperating investigators
with sufficient numbers of specimens from tumor-bearing patients to permit
them to undertake intensive studies of the possible viral etiology of human
cancer.

Proposed Course : It is anticipated that this contractor will maintain the
present high level of material supplied to the Program.

Date Contract Initiated : March 1, 1971

Current Annual Level

:

$177,000
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MICHIGAN CANCER FOUNDATION (N01-CP-4-3391

)

Title : Collection of Large Quantities of Human Milk

Contractor's Project Director: Dr. S. Albert

Project Officers (NCI) : Dr. E. Plata
Dr. David McB. Howell

Objectives : To collect large quantities of milk from women whose families

have a history of breast cancer as well as from women whose families have

no such history for use in cancer research investigations.

Major Findings : Human milk collected under this contract is sent to the

NCI repository at Flow Laboratories, Inc. for general dissemination to

collaborating scientists investigating the possible viral etiology of human

mammary carcinoma. During the past year, the contractor interviewed 3,174
prospective nursing mothers, of which 52.7% were from non-cancer and 47.3%
from cancer families. One thousand two hundred eighty-eight milk kits were

received from nursing mothers, of which 537 were from non-cancer and 751 were
from cancer families. Approximately 95 liters of identified human milk were
shipped to the NCI-Flow Laboratories Repository; of these, 41 liters were
contributed by nursing mothers from non-cancer families and 54 liters by

nursing mothers from cancer families.

Significance to Biomedical Research and the Program of the Institute :

Particles with certain characteristics similar to animal oncogenic RNA

viruses related to mammary carcinoma have consistently been detected in

human milk; human milk is therefore currently a very important research

material for studies on the etiology of human breast and other cancers.

Proposed Course : To continue collection of human milk as described above.

It is anticipated that the critical need for the material provided by this

contract may be satisfied by the end of the next contract year.

Date Contract Initiated : June 27, 1974

Current Annual Level : $50,000

MICROBIOLOGICAL ASSOCIATES, INC. (NOl -CP-4-3254)

Title : Support Services for Studies of Type C RNA Tumor Viruses

Contractor's Project Director : Dr. R. Premkumar

Project Officer (NCI) : Dr. Padman Sarma

Objectives : To provide support services for type-C RNA tumor virus studies
carried out by NCI personnel or under NCI direction at the contract facility.
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Major Findings : Among the support services provided by the contractor

during the past year were: a) preparation and formulation of tissue culture

media; b) maintenance of human and non-human cell lines; c) large-scale

production of cells; d) initiation of new cell lines; e) maintenance of

animal facilities; f) maintenance of stocks of oncogenic animal viruses;

g) routine serologic and biochemical assays for viruses; h) routine nucleic

acid hybridizations; i) immunization of animals; j) routine immunofluorescent

assays; k) electron microscopy; 1) histology and pathology; and m) glassware

services.

During this reporting period the contractor has satisfactorily furnished all

of the support services required by NCI personnel.

Significance to Biomedical Research and the Program of the Institute :

It is becoming increasingly apparent that many vertebrates, including man,

carry information in their genomes for complete RNA tumor virus expression,

including oncogenic potential. The studies supported by the services of

this contract provide further information on the natural occurrence and

spread of oncogenic type-C viruses in homologous and heterologous species,

including man.

Proposed Course : Support services will be continued for demonstration,

isolation, and characterization of endogenous type-C viruses of rat, cat,

turkey, nonhuman primates, and man.

Date Contract Initiated : October 23, 1973

Current Annual Level : $329,862

MICROBIOLOGICAL ASSOCIATES, INC. (NOl -CP-3-3288)

Title : Development of Laboratory Animal Virus Diagnostic Reagents and

Operation of a Service Laboratory

Contractor's Project Director : Dr. John C. Parker

Project Officers : Dr. Garrett Keefer (NCI)

Dr. Wallace P. Rowe (NIAID)

Objectives : To develop reagents and tests for the detection of murine,

rodent and cat viruses; to apply these and other tools in the determination
of the importance of the indigenous viruses in experimental systems; to

study means for elimination of viruses from laboratory animal populations;

and to assist in the characterization of the gene-dependent expression of

murine leukemia.

Major Findings : The contractor operates a murine virus serodiagnostic and

viral diagnostic laboratory for NCI. During the past year, the serodiagnostic
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laboratory received 4,050 sera from research investigators utilizing animals.
A total of 32,971 tests were performed on these sera: 1,743 mouse sera
(16,119 tests), 104 rat sera (1,040 tests), 64 hamster sera (1,218 tests),
136 guinea pig sera (725 tests), 56 cat sera (1,008 tests), 45 human sera
(45 tests), 4 ferret sera (60 tests), 4 calf sera (4 tests), 800 MAP test
sera (8,200 tests), 27 coded sera or antigens (57 tests), and 1,067 internal
supportive test sera (4,495 tests).

During the past year, the virus diagnostic laboratory received tumor
fragments, cell cultures, viral reagents and tissues from diseased rodents
to test for possible virus contamination. Out of 100 specimens examined,
41 were found to contain one or more virus contaminants. Sixteen specimens
were positive for lactic dehydrogenase virus, 22 for minute virus of mice,
11 for polyoma, 2 for Sendai, and 4 for mouse hepatitis. Reagents for
approximately 55 murine viruses and serotypes are available for diagnostic
tests; in this connection 160 ml. of viral reagents and 133 ml. of specific
antisera were shipped during the year to investigators.

The immunofluorescence capability has been expanded and the contract now can
test for virus or antibody to 12 murine viruses. During this report period
144 fluorescent antibody tests were performed.

Significance to Biomedical Research and the Program of the Institute :

The virus diagnostic capabilities provide the NCI with the ability to

monitor laboratory rodent and cat colonies and laboratory animal -produced
viral reagents and tumors which have resulted in the production of highly
characterized systems for cancer research. This contract provides assistance
and guidance of particular importance for the detection of LCM in rodent
systems.

Proposed Course : To continue the serodiagnostic services outlined above and
to improve the sensitivity of the tests. To apply the information developed
to reduce and control viral infections in laboratory animal colonies and
materials derived from animals.

Date Contract Initiated : April 10, 1961

Current Annual Level : $471,100

MINNESOTA, UNIVERSITY OF (NOl-CP-4-3285)

Title : Development of Training Courses in Microbiological Safety

Contractor's Project Director : Dr. Donald Vesley

Project Officer (NCI) : Dr. W. Emmett Barkley
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Objectives : The objective of this contract is to prepare for, and present,
a training course entitled, "Principals of Biohazards and Injury Control
in the Biomedical Laboratory".

Major Findings : During the past twelve months four training courses were
presented: during June, 1975, in Minneapolis, Minnesota; during September,
1975, in La Jolla, California; during October, 1975, in Houston, Texas;
and during December, 1975, at NIH. In addition one special workshop was
scheduled for presentation at the American Society for Microbiology meeting
in Atlantic City, New Jersey on May 2, 1976. The basic format and content
of the regular course, as developed over the past four years, was continued
for this course series. The lectures, however, were shortened to provide
additional time for student participation in organized discussions that
were structured into problem oriented workshops.

The continuing need for a basic course in biohazard safety principles is

indicated by the strong enrollment demonstrated again this year. One
hundred senior technician level laboratory workers and investigators
registered for the December 9 - 10, 1975 regular course. The increasing
enrollment also provides evidence as to the acceptance by the scientific
community of this course to meet their needs. The innovations, such as the
workshops, and the continuing process of updating and revision maintain this
course at the forefront of knowledge in cancer virus research and biohazard
control

.

Significance to Biomedical Research and the Program of the Institute :

The training program provides a most effective mechanism for disseminating
current biological safety information. Course participants benefit directly
by learning biological safety and environmental control methods and

techniques. This program benefits the institute by increasing the general
safety awareness of the laboratory participant and his associates.

Proposed Course : Five courses are scheduled for the coming year. The first
short course will be presented June, 1976, in Los Angeles, California. The
second and third courses will be concerned with the specific area of
biohazard safety in the genetic recombinant laboratory and will be presented
during September, 1976, in Stanford, California and Cold Spring Harbor,
New York. The fourth and fifth courses, scheduled for Boston, Massachusetts
and NIH during October, 1976, and December, 1976, respectively, will return
to the usual subject matter and cover biohazard and injury control in the
biomedical laboratory.

Date Contract Initiated : December 10, 1971

Current Annual Level

:

$90,000
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MONTREAL CHILDREN'S HOSPITAL (N01-CP-3-3377)

Title : Procurement of Normal and Leukemic Sera from Children

Contractor's Project Director : Dr. Ronald L. Denton

Project Officers (NCI) : Dr. Lea I. Sekely
Dr. David McB. Howell

Objectives : To collect sera from a variety of pediatric oncology patients,
family members, and controls.

Major Findings : During the final months of this contract prior to termi-
nation, sera and other special specimens were procured from 63 pediatric
patients; among these were five new acute leukemia, lymphoma, and other
solid tumor patients. Frozen specimens were sent to the NCI-Flow
Laboratories Repository, and special, unfrozen specimens were sent to the
NCI-Litton Bionetics Resources Processing Laboratory for immediate
distribution to collaborating investigators.

Significance to Biomedical Research and the Program of the Institute :

This contract was a source of serum from leukemic children, and from
suitable, normal controls. Having completed its purpose, the contract was
terminated on August 31, 1975.

Proposed Course : This contract was terminated on August 31, 1975.

Date Contract Initiated : September 24, 1965

Current Annual Level : No funds from FY 1976

NAVAL BIOMEDICAL RESEARCH LABORATORY (YOl -CP-4-0200)

Title: Biohazards of Oncogenic Virus Aerosols

Contractor's Project Director : Mr. Mark Chatigny

Project Officer (NCI) : Dr. Alfred Hellman

Objectives : This project involves two task areas in the field of
biocontaminant and environmental control.

Major Findings : The first task involved the systematic assessment of risk
in the oncogenic virus laboratory, particularly as related to physical
protection parameters. During this contract period data that will be used
to identify these protection parameters was obtained by creating conditions
conducive to 1) aerosol generation by malfunctioning laboratory equipment,
or by 2) stressing a biological safety cabinet with outside draft air.
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Tests to determine the aerosol output of a ruptured rotor on a Beckman L5

ultracentrifuge located in a containment cabinet showed that the aerosol

output was minimal and confined to the cabinet. Other studies were performed
to determine the degree of personnel protection provided by the verticle
laminar flow (Class II) safety cabinet. A leakage factor (penetration of

the air barrier) for the Class II, type 1 safety cabinet was calculated to

be less than one particle per 10^ particles when the cabinet was in use.

Product protection was of a similar magnitude. Studies with the Class II,

type 2 cabinet showed a penetration rate similar to or less than the

Class II, type 1 cabinet when the access opening of the type 2 was as much
as 15 inches. Performance of the Class II, type 2 cabinet was not

substantially affected by side draft air up to 400 ft. per minute, a cause

of malfunctioning of many other types of safety cabinets.

A study to determine small particle aerosol output utilizing new detector
techniques showed a substantial amount of splattered culture material,
produced by a ballistic spray, was collected from the immediate work area.

Quantitation of this contamination level as a part of the total spray output
has facilitated improved assessment of contamination spread vectors.

Additionally, within this task area, the contractor performed service
functions for the Office of Biohazard Safety, Viral Oncology Program, and

the Office of Research, Safety, NCI, in the inspection of laboratories,
testing of equipment, and providing consultation services on matters
related to bioengineering and biohazards.

The second task area involved biological studies directed toward the assess-
ment of risk in the oncogenic virus laboratory. Studies were specifically
designed to determine the biological stability, susceptibility to

disinfectants and aerosol infectivity of Feline leukemia virus (FeLV) and

Herpesvirus saimiri (HSV). Specific data is as follows: young adult cats
and neonatal kittens exposed to aerosols containing FeLV do not show any
sign of infection to date. Low levels of FeLV were detected in one fecal,

three urine and two oral samples taken from a group of 25 known-leukemic
cats obtained from veterinary practitioners. The following disinfectants
successfully inactivated FeLV within five minutes: sodium hypochlorite
(lOOppm), 70% ethanol , 30-70% isopropanol and wescodyne (37ppm of free

iodine).

The high titered virus (thought to be HVS) propagated in TC-7 cells was
ultimately found to be a contaminant, probably a silent carrier in the cell

line; therefore, previously reported data concerning HVS propagated in the

TC-7 cell lines should be attributed to the contaminant.

Significance to Biomedical Research and the Program of the Institute :

An understanding of the behavior of small particle aerosols will allow the
development of a rational and hopefully less expensive means for control of
cross infection in laboratories conducting research in viral oncology.
Similarly, identification of the physical parameters for the assessment of
risk will permit the more precise evaluation of research facilities, on the
basis of such data.
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Proposed Course : To continue the development of a theoretical model to

define the various hazards in a virus laboratory resulting from the

generation of aerosols. Also contractor will continue the physical aerosol

studies by examining the nature of air-borne particles in general. In

addition the contractor will continue its service and support functions for

the Office of Biohazard Safety, Viral Oncology Program, and the Office of

Research Safety, NCI.

Date Contract Initiated : March 1, 1971

Current Annual Level : $170,000

NORTHERN VIRGINIA PATHOLOGY LABORATORIES, INC. (NOl -CP-5-3567)

Title : Collection of Viable Human Tissue Specimens

Contractor's Project Director : Dr. C. Barrie Cook

Project Officer (NCI) : Dr. Lea I. Sekely

Objectives : To acquire wery fresh human tumor materials from routine
surgical procedures for distribution to NCI collaborating investigators for
cancer research.

Major Findings : The purpose of this contract is to collect freshly-obtained
human specimens and clinical data from patients of various ages. The
contractor, which is located in the Washington, D. C. area, provides very
fresh solid tumor specimens and whole blood and bone marrow aspirates to the

NCI Resources Processing Laboratory at Litton Bionetics, Inc. for processing
and rapid distribution to collaborative investigators in the Baltimore -

Washington area. The contractor's laboratory furnishes pathology services
to six hospitals. These hospitals are all primary hospitals and do not

represent referral centers so that most of the specimen material comes from

patients who have not been previously treated.

Since the start of this contract effort 83 specimens have been provided to

the NCI Resources Processing Laboratory at Litton Bionetics, Inc.

Significance to Biomedical Research and the Program of the Institute :

It is vitally important that a continuing supply of specimens from patients
suffering from neoplasia be available to researchers seeking the viral

etiology of cancer.

Proposed Course : This contract has been in operation for less than a year.

It is anticipated that increasing numbers of fresh tissues will be provided
for cancer research.

Date Contract Initiated : June 20, 1975

Current Annual Level: $20,000



PFIZER, INC. (N01-CP-3-3234)

Title : Large-scale Tissue Culture Virus Production for Cancer Research

Contractor's Project Director : Dr. Sami Mayyasi

Project Officers (NCI) : Dr. Jack Gruber
Dr. David McB. Howell

Objectives : To provide a service facility for the production of large
volumes of selected oncogenic and suspected oncogenic viruses, cellular
antigens, tissue culture cell lines, and specific antisera to various
oncogenic viruses. Production of these materials is supported by appropriate
laboratory groups whose activities include process improvement, product
standardization, quality control testing, and applied developmental research.

Major Findings : The current annual rate of large-scale tissue culture
production results in over 26,000 liters of virus harvest fluids and over
3,100 grams of cells being processed to fulfill the needs of VCP investigators.
During the past year, these materials were distributed in over 750 shipments
to 162 laboratories throughout the world. The major products included:
Woolly monkey sarcoma virus (SSV-1), which accounted for 29% of the con-
tractor's output; Mason-Pfizer monkey virus (M-PMV), 22%; baboon endogenous
virus, 14%; gibbon ape lymphoma virus, 12%; and RD-114 virus, 12%. Other
viruses produced in smaller quantities included feline leukemia virus
(Thielen strain), 6%; Epstein-Barr virus, 3%; and Rauscher leukemia virus,
2%.

New host cell lines which would yield virus preparations of higher biological,

biochemical and serological quality continued to be sought and developed.
The woolly monkey sarcoma virus propagated in A-204 (human rhabdosarcoma)
cell lines proved to be superior to virus in other cell lines. Other viruses
propagated in non-primate cells did not compare favorably with virus
harvested from the original host cells.

Molecular filtration use was extended to all type-C viruses utilizing a

separate unit for each agent. Experimental runs have been made using new
techniques to remove sucrose and further concentrate virus from gradient
bands.

Isolation and characterization of group specific antigens of all oncorna-
viruses in production have been accomplished. Antisera prepared against
these purified antigens were made available to investigators at the request
of the Project Officer. The major glycoprotein of M-PMV has also been
purified and characterized.

Final products were well characterized in a battery of special assays. These
tests include sterility, morphology, particle count, protein and antigen
content, infectivity, RNA composition and reverse transcriptase activity.
Identity of each batch of virus was confirmed by serological and biochemical
procedures.
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Significance to Biomedical Research and the Program of the Institute :

Since its inception, this contract has been an invaluable back-up to

intramural and collaborating investigators involved in virus-cancer research.
The staff and facilities have been consistently responsive to changing needs
of the National Cancer Institute. They have provided support to a wide
variety of collaborating investigators making possible studies on viruses
in cancer that could not otherwise be conducted. Recent research develop-
ments to determine the association of viruses with human neoplasia have
involved activities concerned with the molecular biology, biochemistry
and immunology of oncogenic viruses. These types of investigations may
provide clues to the mechanism whereby viruses mediate the transformation
process. Such knowledge could indicate methods by which neoplastic
transformation can be averted or inhibited and provide appropriate control
measures applicable to the human cancer situation. Studies of this type
have created a substantial demand for large quantities of concentrated
and purified oncogenic and suspected oncogenic viruses. This contractor
has both the capability to help meet such needs and the flexibility to
quickly accommodate shifts in Program requirements.

Proposed Course : The production of viruses and cell materials in support of
pertinent research will continue.

Date Contract Initiated : November 6, 1961

Current Annual Level : $1,570,000

ST. JOSEPH'S HOSPITAL (NOT -CP-3-3393)

Title : Supply of Human Neoplastic Specimens for Cancer Research

Contractor's Project Director : Dr. Jeno E. Szakacs

Project Officers (NCI) : Dr. Lea I. Sekely
Ms. Wilma L. Varrato

Objectives : To supply investigators within the Virus Cancer Program with
fresh specimens of tissue from human malignancies obtained as a byproduct
of necessary surgical procedures.

Major Findings : During the past year, the contractor shipped 398 tumor
specimens, two tissue cultures, and 191 sera to the NCI-Litton Bionetics
Resources Processing Laboratory and the NCI-Flow Laboratories Repository.
These materials were either distributed immediately in the fresh state to

collaborating investigators or stored at low temperature for later research
use.

Significance to Biomedical Research and the Program of the Institute :

This contractor is an important supplier of specimens from human malig-
nancies which are examined for evidence of the possible role of viruses in

the causation of the cancerous state.
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Proposed Course : The contractor will continue the activities described above.

Date Contract Initiated : June 24, 1969

Current Annual Level : $60,000

SOUTHWEST FOUNDATION FOR RESEARCH AND EDUCATION (NOl -CP-3-3340)

Title : Housing and Maintenance of a Chimpanzee Colony

Contractor's Project Director : Dr. Seymour S. Kalter

Project Officers (NCI) : Dr. Garrett Keefer
Dr. David McB. Howell

Objectives : To breed, maintain, and supply young and mature chimpanzees to

investigators for research in the non-human primate on the possible viral

etiology of human cancer.

Major Findings : The chimpanzee colony now numbers thirty-one (31) animals
consisting of three breeding males, eight breeding females, one juvenile
male, nine juvenile females, and ten infants. At present two females
assigned to this contract are pregnant.

Seven infant chimpanzees have been inoculated with experimental material and
are being held for sampling and observation at the contract site. Four of

the infants were inoculated during the past contract year. Chimpanzee
4X-30 was inoculated with ASDI/WHE/2 (a type-C virus derived from AML cells
produced in whole human embryo cells). Chimpanzees 4X-37 and 4X-39 were
inoculated with EBV (B95-8). Chimpanzee 4X-40 was inoculated with pooled
material from a chimpanzee that died of "lymphocytic leukemia". In addition
two infants have been assigned to an experimental project concerning whole
body irradiation that has just been initiated.

Significance to Biomedical Research and the Program of the Institute :

The chimpanzee now appears to be the laboratory animal most similar to

humans, biochemically and immunologically. Newborn chimpanzees are

particularly useful in determining susceptibility to suspected human cancer
viruses because their resistance to virus infection is ^ery low. This is

the only source of newborn chimpanzees for the VCP.

Proposed Course : The chimpanzee colony will be maintained as before and

newborn animals will continue to be supplied to investigators within the

VCP.

Date Contract Initiated : April 25, 1969

Current Annual Level

:

$50,000

1811



STANFORD UNIVERSITY (N01-CP-4-3244)

Title : Operation of a Central Mycoplasma Diagnostic Laboratory

Contractor's Project Director : Dr. Leonard Hayflick

Project Officer (NCI) : Dr. James T. Duff

Objectives : To serve as a central diagnostic facility for the detection and
identification of mycoplasma contamination in virus preparations, sera, cell

cultures, and clinical materials submitted by NCI researchers and VCP

contractors. Upon request, identification of isolates is made as to species;
and mycoplasma antigens are distributed to those investigators requiring
these materials.

Major Findings : During the past year, the contractor received and tested
over 1,900 samples from VCP contractors for mycoplasma. Over two hundred
seventy positive isolations were made. In addition, at the request of
several VCP-supported laboratories, the contractor ascertained the species
of mycoplasmas found as contaminants in a number of samples. Among the
isolates were M. arginini , A. laidlawi i , and M. hyorhinis .

Significance to Biomedical Research and the Program of the Institute :

The mycoplasma diagnostic facility is a testing and monitoring service
available to all VCP contractors and viral oncology intramural staff. Many
of the most important viral specimens, cell cultures, sera etc., used in

the viral oncology program are sent to this facility for mycoplasma testing.

Proposed Course : It is anticipated that a successor contract for this effort
will be initiated following advertisement and competitive selection to insure
the availability of a service facility utilizing the most advanced procedures
consistent with the state of the art.

Date Contract Initiated : June 19, 1969

Current Annual Level : $49,676

STANFORD UNIVERSITY (NOl -CP-6-1026)

Title : Development of a Method for the Large-Scale Production of DNA Ligase
and DNA Polymerase I from ^. Col i

Contractor's Project Director : Dr. I. R. Lehman

Project Officers (NCI) : Dr. Edward Scolnick
Dr. Robert Gallo
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Objectives : To develop a method for production on a large scale of DNA
ligase and DNA polymerase I and to utilize this method to produce these
enzymes in quantities from ten to one hundred times greater at any given
scale than methods previously available.

Major Findings : Since this is a newly established contract, there are no

major findings to be reported.

Significance to Biomedical Research and the Program of the Institute :

DNA polymerase I and DNA ligase have been of great value in a variety of
studies directly related to cancer. Among these studies is the preparation
of probes to determine whether certain DNA viruses may be involved in human
malignancy.

Proposed Course : To develop the methods described above, and to produce the
enzymes specified for use in research into the possible viral etiology of
cancer.

Date Contract Initiated : December 22, 1975

Current Annual Level : $53,758

TENNESSEE, UNIVERSITY OF (NOl -CP-6-1020)

Title : Supply of Fresh and Frozen Brain Tissues for Cancer Research

Contractor's Project Directors : Dr. E. M. Stadlan
Dr. James T. Robertson

Project Officers (NCI) : Dr. Lea I. Sekely
Dr. Gerald R. Suskind

Objectives : To supply NCI with fresh, viable, and frozen human brain tissue
and brain tumors for subsequent distribution to investigators for cancer
research.

Major Findings : The contractor is located in Memphis, Tennessee, which is

the center for neurosurgical effort in the surrounding five-state area. A

large number of neurosurgical procedures are performed in the participating
hospitals, and the principal investigator, a neuropathologist, together
with the co-principal investigator, the Chairman of the Neurosurgery
Department, have access to all by-product brain material resulting from
normal and standard surgical procedures.

This is a new contract, having been initiated on January 19, 1976. It is

anticipated that the contractor will have no difficulty in processing 100
or more human brain specimens representing material from patients suffering
with neurological disorders.
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Significance to Biomedical Research and the Program of the Institute :

This is a resource contract of major importance to the NCI, since it is a

primary source of diverse brain tumor specimens for NCI researchers. A

continuing supply of such specimens is necessary for the pursuit of the

viral etiology of human cancer.

Proposed Course : To continue to supply fresh tissues to the Viral Oncology

Program.

Date Contract Initiated : January 19, 1976

Current Annual Level : $27,000

UNIVERSITY HOSPITALS OF CLEVELAND (NOl -CP-6-1007)

Title : Supply of Pediatric Specimen Material from Neoplastic Diseases

Contractor's Project Directors : Dr. Samuel Gross
Dr. Robert Izant

Project Officers (NCI) : Dr. Lea I. Sekely
Dr. Paul Peebles

Objectives : To procure whole blood, bone marrow, and tissues from pediatric

subjects with neoplasms for use by collaborative cancer research investi-

gators.

Major Findings : This is a new contract, having been initiated on October 15,

1975. The active organization for this contract within the University

Hospitals of Cleveland is the Department of Pediatrics at Rainbow Babies

and Childrens Hospital, where Dr. Gross is director of the hematology -

oncology section and Dr. Izant is director of pediatric surgery. The

contractor is a primary, secondary, and tertiary hospital consisting of 97

surgical and 123 medical beds. The principal investigators have access

to all pediatric material and it is anticipated that increasing numbers of

fresh specimens will be provided to the Viral Oncology Program.

Significance to Biomedical Research and the Program of the Institute :

The difference in the spectrum of tumors seen in childhood along with some

apparent differences in their natural history and response to therapy make

pediatric neoplasms an especially interesting class of tumors to study from

a virologic, biochemical, and immunologic point of view. The availability

of sera and tissue materials from such pediatric patients make this contract

a valuable resource for the NCI Viral Oncology Program.

Proposed Course : It is anticipated that the contractor will have no

difficulties in providing an increasing number of pediatric specimens for

the NCI.
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Date Contract Initiated : October 15, 1975

Current Annual Level : $30,000

UNIVERSITY LABORATORIES, INC. (NOl -CP-3-3222)

Title : Production of Oncogenic Viruses and Antisera

Contractor's Project Director : Dr. Eugene H. Bernstein

Project Officers (NCI) : Dr. David McB. Howell
Dr. Jack Gruber

Objectives : To supply highly standardized oncogenic viruses and their
antisera in volumes necessary to meet VCP research needs.

Major Findings : The contractor's production of Rous sarcoma virus (Prague
strain) in tissue culture roller bottles has continued at a very high level.

During the past year, approximately 3,020 liters of virus-containing tissue
culture fluid were produced; this material was pelleted, resuspended, and

issued to various collaborating laboratories at approximately 140X of its

original concentration. Production lots have been sent to investigators in

both the U.S. and the U.S.S.R., including Drs. Baltimore, Bishop, Joklik,
McAllister, Zamecnik, and Zhdanov.

The production of Rauscher leukemia virus from BALB/c mouse plasma was

discontinued in September, 1975, after requirements for this material among
VCP investigators were satisfied. From January to September, 1975, 6,609 ml

of plasma containing Rauscher leukemia virus were harvested as were 6,352
grams of enlarged leukemogenic spleens from BALB/c mice infected with
Rauscher leukemia virus. Recipients of this material have included Drs.

Fischinger, Spiegelman, Rich, and Todaro, among others.

During the past twelve months, the contractor produced approximately 7,110
ml. of feline leukemia virus (Rickard - subgroup A) which had been
concentrated lOX. This virus, which was produced in tissue culture, was
provided to Drs. Chan, Robey, Scolnick, Sweet, Tronick, and others.

Significance to Biomedical Research and the Program of the Institute :

The supply of highly standardized oncogenic viruses and antisera produced
by this contractor has been extensively used by VCP researchers and is

essential to the continuation of many important research projects presently
being carried out in the Program.

Proposed Course : Production of needed strains of oncogenic viruses and
their antisera will continue in volumes necessary to meet VCP needs.

Date Contract Initiated : June 4, 1962

Current Annual Level : $329,800
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CHILDREN'S HOSPITAL MEDICAL CENTER (NOT -CP-6-1036) £^'-

Title : Supply of Pediatric Oncology Specimens

Contractor's Project Director : Dr. Gordon F. Vawter

Project Officers (NCI) : Dr. Lea I. Sekely
Dr. Paul Peebles ^^j

Objectives : To supply fresh and/or frozen pediatric tissue specimens for |

distribution to and study by collaborating cancer research laboratories. j

Major Findings : This is a new contract, having been initiated on March 10, I

1976. The Children's Hospital Medical Center is a 343-bed, general pediatric i

hospital with active pediatric oncology units in surgery, radiation therapy,
and medical oncology. The hospital's pathology department provides the

;

diagnostic surgical and autopsy services to these units and to pediatric '

oncology patients of the Sidney Farber Cancer Center.

It is anticipated that approximately 70 specimens of tumor and related
tissue from surgery and 30 similar specimens from autopsy will be provided

,

yearly to the NCI-Litton Bionetics Resources Processing Laboratory and the !

NCI-Flow Laboratories Repository for subsequent distribution to collaborating
'

investigators.
\

Significance to Biomedical Research and the Program of the Institute : ^|h;
The supply of specimens from pediatric patients with malignant disorders is 1^
necessary to provide investigators in cancer research with material with i

which to carry out experiments to determine the possible viral etiology of
cancer.

Proposed Course : To carry out the activities described above.

Date Contract Initiated : March 10, 1976

Current Annual Level : $25,250
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3. Program Management

a. Cancer Research Emphasis Grants (CREG)

The Virus Cancer Program will fund its first Cancer Research Emphasis
Grants this fiscal year. Two announcements asking for proposals were
published in the NIH Guide on June 1, 1975. The titles were "Replication
of RNA Tumor Viruses" and "Genetics of RNA Tumor Viruses". In response
to the announcements, 39 proposals were received in October, 1975 and

reviewed by Study Sections in January, 1976. Of these proposals, 13 were
disapproved and 3 were deferred for site visits or further information;
the rest were approved. The Virus Cancer Program will pay 8 of the
approved applications, in order of priority, this fiscal year. Some funds

will be held back until those applications which were deferred are reviewed,

A total of approximately $1 million will be obligated as a result of the

first two announcements.

On April 1, 1976 two further CREG announcements from the Virus Cancer
Program will appear in the NIH Guide. The titles of these are "Malignancy
Induced by Small DNA Viruses (Adenoviruses or Papovavi ruses)" and

"Herpesvirus-Induced Mai ignancy"

.

The following grants will be funded during this fiscal year:

CA20011 Faras, University of Minnesota
Mechanism of oncornavirus proviral DNA synthesis.

CA19558 Duesberg, University of California, Berkeley
Physical, chemical, genetic analysis of tumor virus RNAs.

CAT 9341 Haseltine, Sidney Farber Cancer Center
Replication of RNA tumor viruses.

CA19497 Kaji, University of Pennsylvania
Studies on the replication of RNA tumor viruses.

CA19996 Green, St. Louis University
Replication of RNA tumor viruses.

CA19729 Watson, University of Montana
Mechanism of viral RNA-directed DNA polymerization.

CA19725 Vogt, University of Southern California
Genetics of RNA tumor viruses.

CA19714 Somers, Eastern Virginia Medical Authority
Genetics of murine sarcoma virus.
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b- LITTON BIONETICS, INC. (N01-C0-25423) , BETHESDA. MARYLAND

Title : Operation and Maintenance of the Frederick Cancer Research Center
at Frederick, Maryland

Contractor's Project Director : Dr. Robert E. Stevenson

Project Officer (NCI) : Dr. William W. Payne

Viral Oncology Coordinator (NCI) : Dr. Henry J. Hearn

Objectives :

A. Study mechanisms of cell transformation by herpes simplex virus (HSV),
and the isolation, characterization, and ultimate use of type specific
glycoproteins to establish immunologic reactivity profiles that may serve
as indicators of the role of HSV in human tumorigenesis; to provide HSV
working materials to be used as sources of proteins for isolation.

B. To finalize studies on EBV by investigating whether strains of this
virus isolated from a variety of cell lines show differences in biological
activity as determined by, e.g. EA, EBNA, and transforming assays; to
define optimal conditions for production of biologically different strains.

C. To provide support for an NCI-directed Primate Virus Section. In-depth
discussion of results of this work appear elsewhere in the annual report
(Dr. Dharam Ablashi).

D. To conduct a program of research to characterize biological, biochemical,
and serological properties of type B viruses and their components; perform
comparative studies to ascertain and identify properties that may be shared
or unique for a given virus; explore possible relationships between type B

viral characteristics and biochemical and/or serological factors found in

human cancer specimens.

E. To provide necessary collaborative support services to NCI investigators
studying the influence of host physiology on oncogenesis and cellular control,
Results of this work appear elsewhere in the annual report (Dr. Alfred
Hellman)

.

F. To conduct an integrated multifaceted collaborative support program
with NCI investigators to study a variety of genetic, immunological and
viral synergistic factors that influence the course of tumor development;
to provide pertinent information as to the causative role of viruses in

cancer and to develop rational approaches to the prevention and cure of
these diseases.
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G. To pursue a collaborative effort with NCI scientists to study natural

and sub-viral component-mediated immunity to type C virus infections in

model systems; to isolate and purify viral components, e.g. specific

glycoproteins for use in studying host humoral responses and cell -mediated
immunity.

H. To provide test support for therapy programs carried out in clinical
centers for the purpose of monitoring patients' responses to combined
modality therapy, as part of an NCI collaborative program.

I. To conduct a resource program and provide highly adequate facilities
for the large-scale production of viruses or viral components that are

necessary for performing laboratory research in the VO/FCRC or associated
programs; to engage in developmental research on oncogenic or suspected
oncogenic viruses necessary to the VO program but for which no previously
established protocols exist or for which protocol improvement is required;

to develop suitable quality control support activities involving electron-
microscopy, tests for contamination and other appropriate biochemical,
serological and biologic tests to insure maximal quality of resources.

J. To perform necessary collaborative support with an NCI investigator to

develop new applications of applying the electron beam in understanding
the structure and function of virus-cell interactions. In-depth discussion

of this work can be found elsewhere in the annual report (Dr. Victor Zeve).

K. To conduct a comprehensive safety and environmental control program for

the Frederick Cancer Research Center and to perform applied and basic

studies in support of the various FCRC operations.

L. To operate an animal farm for the breeding of laboratory animals to

meet the needs of research programs at FCRC and for shipment to other NCI

operations as production permits.

Major Findings :

Those areas of Contractor operation that were completely funded by Viral

Oncology are the following:

DNA Virus Laboratory : Transformation of mouse cells has been accomplished
with ultraviolet irradiated (UV), inactivated HSV-1 and HSV-2 or DNA fragments
from HSV-1 and HSV-2. Transformed cell populations (cloned and uncloned) are

tumorigenic, and contain similar HSV related antigens. The uncloned lines

may give rise to neutralizing antibodies when injected into mice; however,

infectious virus is not detectable in the transformed mouse cells. Mouse
cells transformed by UV-inactivated HSV-2 are more resistant to super-
infection with active HSV-2 than are normal mouse cells. Also, the

transformed cells have antigens which cross-react with those of HSV-2
transformed hamster cells (Rapp) as indicated by immunofluorescence and tumor
rejection assays. One hundred percent of the transformed mouse cells contain
HSV antigens which direct a cytoplasmic immunofluorescence.
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A quantitative assay for transformation by UV-inactivated HSV has been
used to determine that HSV DNA fragments derived by restriction enzyme
treatment are capable of transforming mouse cells; indeed, isolated restric-
tion enzyme fragments representing only a portion of the HSV genome induce
transformation. Transformed mouse cell lines derived from cells exposed to
UV-inactivated HSV virions or HSV DNA fragments contain a portion of the
HSV genome as determined by DNA-DNA hybridization.

Growth characteristics of HSV have been established. Plaque assays and
complement fixation assays have been developed. Concentration and purifica-
tion of HSV virions has been accomplished and physical particle, plaque
forming unit ratios of 10:1, have been found for the most highly purified
virus. Successful virus growth, comparable to that in cells grown in
serum-containing media, has been observed in cells grown in a serum-free,
defined medium.

The type-specific HSV glycoproteins have been produced and purified by gel
filtration and conconavilin A-Sepharose chromatography; antibodies against
these glycoproteins have been produced in rabbits.

EBV studies have indicated that antimetabolites induce a slight increase in
virus capsid antigen but no increase in infectious EBV. Low producer cells
could be induced to increase their viral capsid antigen production by 45°C
shock but no increase in infectious EBV was found. Extracts of Raji,
P3HR-1 , and B95-8 cells inhibited early antigen induction of Raji cells.
EBV production runs were extended and good extraneous protein removal and
good infectious EBV recovery were found for concentration and purification
runs.

In collaborative studies with the NCI Virus Primate Section, a soluble,
partially purified antigen has been isolated for EBV complement fixation
and a very sensitive assay involving ^^Cr release has been developed.
Tumor formation in nude mice injected with hybrid cells containing EBV
information was noted and the tumor material is being studied in tissue
culture as well as by passage in nude mice.

RNA Virus Laboratory : The type B program utilizes virus cell systems of
both murine (MMTV) and primate (MPMV) origin. Large-scale production runs
were accomplished with MmBrnt/c] cultures yielding lOOOX MMTV concentrates,
approximating 1 x 10^1 particles/ml, free of murine leukemia virus. This
virus preparation induced mammary tumors in BALB/c mice, demonstrated Mg''"'"

dependent RNA-dependent DNA-polymerase activity and contained five major
structural polypeptides similar to milk-borne MMTV. The isolated gp52,
gp36, p27, and pl6 polypeptides reacted with specific antiserum in similar
fashion as in vivo derived MMTV. Antisera to each of these proteins are
being used in (a) immune precipitation tests to see if MMTV-related
antigens can be demonstrated in human breast cancer materials, and (b)
antigen localization experiments to study antigen precursor synthesis and
MMTV expression in vitro.
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High- and low-producer clones of Mm5nit/ci were prepared and, in conjunction
with a serum-free culture medium and hormonal stimulation, provide a basic
system for preparing labeled MMTV used in (a) screening human sera for anti-
bodies to MMTV, and (b) studying the existence of autogenous immunity to

MMTV in various mouse strains. Precipitating antibody was found in Rin>
GR, and C3H mice as well as in the (B6C3)Ft hybrid of C57BL/6 x C3H,

Antibody titers increased with age and this antibody population coexisted
with MuLV-precipitating antibodies with no cross-reactivity between the two.

In serum-free medium, increased expression of MMTV was accomplished with
hydrocortisone or dexamethasone with an additive enhancement by insulin.
Scanning and transmission electron microscopy studies correlated types
and numbers of budding particles with extracellular physical virus particle
counts, providing supportive evidence as to the role of dexamethasone
in increasing production of MMTV. Immune responses of infant rhesus monkeys,
inoculated with MPMV and/or MPMV-infected cell materials, were examined.
All inoculated animals demonstrated an MPMV-related immune response as

determined by immunofluorescence and immunodiffusion assays while approxi-
mately 10 percent of sera from non-inoculated rhesus monkeys also demonstrated
low-level antibody titers to MPMV, suggesting the presence of MPMV-related
endogenous activity in rhesus monkey populations.

Contractor support was provided for two visiting scientists. The first was
Dr. Nicholai Nossik from the Institute for Virology, Moscow, USSR. A
collaborative project was instituted to investigate which alterations in

cellular metabolism occur coincident with and/or subsequent to infection
of primate cell cultures with the Mason-Pfizer monkey virus. The experiments
were designed to infect rhfs and HEK cell cultures with dilutions of stock
MPMV. At intervals during the initial and subsequent passages, both
MPMV-infected and noninfected cultures were examined for DNA, RNA and
protein synthesis, expression of MPMV antigens (IF), RDDP activity and
presence of MPMV particles by both transmission and scanning electron
microscopy. Infection of both cell lines was confirmed by presence of Mg"^"*"

dependent activity and presence of MPMV p27 antigen by RIA. Viral RDDP
activity was found to fluctuate and appeared to be dependent on cell division,
since culture passage was accompanied by a subsequent release of RDDP
activity. An increase in cellular DNA synthesis was observed in the MPMV
infected rhfs cultures during the first 16 days post infection. A
depression in cellular RNA synthesis was also observed, which appeared to

correspond to an increase in RDDP activity in the culture fluids. Similar
observations were made with regard to cellular DNA and RNA synthesis in

the infected HEK cultures. Cellular protein synthesis increased prior to

and during the time of RDDP expression. While transmission electron
microscopy confirmed the presence of intracellular A particles and budding
type B particles typical of MPMV in both the infected rhfs and HEK cultures,
no discernible morphologic changes were apparent in comparing the infected
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and noninfected cultures by scanning electron microscopy. These studies
have initiated a continued collaborative effort, between FCRC and the
Institute for Virology, directed at defining additional metabolic changes
in oncornavirus transformed and nontransformed cell lines.

The second visiting scientist. Dr. Elizabeth S. Priori, from the Department
of Virology, M.D. Anderson Hospital and Tumor Institute, Houston, Texas
engaged in a number of projects during her 18 months of activities at FCRC.
These included: (1) the immunofluorescence characterization of antisera
prepared against MPMV and their reaction with clones of transformed cells
producing MPMV, (2) the humoral antibody response of infant rhesus monkeys
inoculated with MPMV, (3) in vitro host-range studies of MPMV infectivity,
and (4) in vitro biologicaT~studies on virus enhancement and viral protein
production.

Results of these studies have shown: Rhesus monkeys inoculated neonatally
with MPMV and/or MPMV-transformed cells were shown to elicit immune responses
detectable by using immunofluorescence and RIA to MPMV p27 antigen. Approxi-
mately 10 percent of normal non-inoculated rhesus monkeys similarly exhibited
low-titers of MPMV antibodies in the tests. Host range infectivity studies
revealed productive infections in both human and nonhuman primate cells.
Attempts to infect several nonprimate cell lines were unsuccessful.
Dexamethasone alone and in combination with insulin was found to enhance
production of MPMV in MPMV-infected primate cells. Positive results were
obtained in demonstrating serological reactivity in human breast fluids to

either MPMV and/or MMTV infected cells. The significance of these findings
has yet to be fully evaluated. Other studies were conducted to examine
human tumors and pleural effusions from carcinoma patients for cross
reactivity with either MPMV or MMTV.

Disease Control Laboratory : Genetic studies were conducted in mice to

evaluate the associations between genetic regulatory factors that control
the expression of murine endogenous viruses, the cellular and systemic
factors that govern their expression, and the role of these endogenous
viruses in the expression of naturally occurring disease. Mice were stressed
with x-ray irradiation, chemically induced immunosuppression and injection
with endogenous ecotropic viruses, and then monitored for the expression of
endogenous viruses and changes in the incidence of their spontaneous
diseases. One study indicates that, although an endogenous ecotropic virus
cannot replicate when transmitted to a weanling, it can be successfully
introduced into the new host by way of the germ line. Studies are in progress
to evaluate the role of endogenous viruses in autoimmune disease.

An immunoprotective vaccine program was initiated to demonstrate the

feasibility of using antiviral and/or anti-tumor vaccines to prevent cancer
in a number of well defined mouse, rat, and hamster strains. A whole virus
vaccine reduced the expression of endogenous ecotropic viruses approximately
4 logs in the mice at 40 days of age. Although the virus titer does increase
somewhat with aging, it remains several logs below that observed in
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non-vaccinated control groups. These mice are being observed to determine if

the decrease in virus expression shows a positive correlation with a decrease
in the appearance of cancer in these mice.

Changes in the immunoresponsiveness of patients who received combined
modality therapy for colorectal carcinoma were monitored by assaying
cytotoxicity in four cell systems. Complete blood cell counts and nitrogen
responses were also determined. This work was terminated in March 1976,

Virus and Reagent Production/Developmental Research Laboratory : Upon
initiation of the fourth contract year on June 26, 1975, this project area

was expanded to include developmental research, product characterization,
and electron microscopy. VRPDR was established to: (a) produce, purify,
and characterize 300 liters per week of designated oncogenic viruses;

(b) provide high-quality virus concentrates for use in FCRC Viral Oncology
(VO) and other NCI programs; (c) conduct developmental research programs
on designated oncogenic viruses (murine, primate, and putative human) for
which production protocols have not been established; (d) perform product
characterization and related support functions; (3) provide electron
microscopic support for VRPDR and other FCRC/VO programs; and (f) conduct
a developmental electron microscopy program.

As examples of productivity in this Laboratory, during the report period

December 30, 1974 to December 28, 1975, 13,750 liters of oncogenic virus
material were produced within the VRPDR laboratories: 6,209 liters (45.2%)
of RLV; 3,643 liters (26.5%) of GLV; 1,761 liters (12.8%) of MMTV; and

843 liters (6.1%) of SSV-1 . Developmental research programs in VRPDR
produced 1,294 liters (9.4%) of oncogenic virus material during investigation
and development of protocols for eventual large-scale production. These
volumes fulfilled all contractual obligations for virus material as directed
by OPRL, NCI.

Production of high-quality Rauscher murine leukemia virus (RLV) continued
throughout the year. Systems were developed for the reproducible large-scale
production of high-quality Gross leukemia virus (GLV) with particle counts
of 1.0 X 10'' and at least a 32-fold increase in^detectable gs antigen
following lysis. Production protocols for mouse'mammary tumor virus (MMTV)

were refined and high-quality lots were prepared starting in December 1975.

Production of simian sarcoma virus type 1 (SSV-1) was terminated in March
due to the introduction of studies on a suspected human leukemogenic virus.

From the virus material produced, 13,104 liters of oncogenic virus material

were concentrated and purified, yielding 15,450 milliliters of virus
concentrates. Of this amount, 743 milliliters were assayed, characterized,
and evaluated by programs within VRPDR essentially for development of

protocols for eventual large-scale virus production. The remaining 14,707
milliliters were used either for product characterization or were transferred
to the FCRC Virus Repository.
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Virus concentrates amounting to 13,666 milliliters were released from the
FCRC Virus Repository to program investigators, thereby fulfilling 100
percent of VRPDR commitments for oncogenic virus material. NCI investigators
received approximately 51 percent of this volume while FCRC and other program
investigators received approximately 29 percent and 16 percent, respectively.
Releases to foreign investigators accounted for 4 percent of the total volume
distributed. In total, 76 investigators received virus concentrates from
the FCRC Virus Repository during 1975. Analysis of the distribution patterns
for the past three calendar years reveals that the major recipients of FCRC
virus releases were MCI program investigators (approximately 50 percent) and
internal FCRC investigators (approximately 30 percent). Foreign investigators
and other non-NCI program investigators received 4 percent and 15 percent,
respectively, of concentrates released during 1975.

In addition to virus concentrates, releases of viral reagents were made to

authorized investigators by direction of the OPRL, NCI. During 1975,
14,961 pg of RLV p30, 114 ml of anti-RLV p30, 1,940 yg of RLV RDDP, and 7,750
pg of anti-RLV RDDP IgG were released from the FCRC Virus Repository to
44 authorized investigators.

Phase one procedures were established for the preparation of master and
working seed stocks of candidate human leukemogenic viruses. Cells of
origin were tested for sterility, including mycoplasma contamination, and
submitted for verification of karyotype. Of four original samples, for
which phase one operations were completed, the AS-] virus grown in Bat 88
cells and the HEL-12 virus grown on SIRC cells were selected for further
developmental studies involving production, purification, and characteriza-
tion. Viral products derived from this effort will continue to be provided
to collaborative investigators for biochemical and other tests designed
to elucidate possible etiologic relationships between the virus and human
oncogenesis.

Work was performed collaboratively with an NCI senior investigator in the

Developmental Electronmicroscopy Laboratory. In conjunction with image
intensification studies on the TEM, successful algorithms have been written
to identify virus particles via computer pattern recognition. These studies
will enable the complete automation of the TEM for search and quantitative
readout. Energy dispersive x-ray analysis equipment has been interfaced to

the SEM. Immunological heavy metal tagging has provided the mechanism for
localization of viral and sub-viral antigenic sites. Further development of
the SEM has progressed to its utilization as a rapid technique for studying
virus production from the surface of cells. In addition, identification of
normal human cells as compared to tumor cells has been shown with recent
advances in SEM techniques in this laboratory.

Those areas of Contractor operation that were partially funded by Viral
Oncology are the following:

Project 4 - Environmental Control. That portion of the Viral Oncology
program concerned with applied and basic research in support of the Office
of Biohazard Safety (formerly Project 5) was terminated upon initiation of
the new contract year. Results of residual activities transferred to
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Project 4 are as follows: Within 20 sec, ultraviolet light at 60 ergs/cm^/sec
was capable of inactivating RLV infectivity both in vitro and in vivo , while
levels of RDDP activity and protein remained constant. Contamination of a

liquid-nitrogen source by bacterial spores, phage, and RLV was demonstrated.
It was shown that liquid nitrogen was capable of contamination and recovery
was made of the biological tracers both in the liquid and in the vapor
phases of nitrogen. Residual formaldehyde following decontamination of Class
II cabinets was found to be minimal 5 hours after decontamination in a

functional cabinet. There is continuous evaluation of Class II cabinets
for compliance with NIH and NCI specifications. The second Safety Symposium
entitled "Biohazards and Zoonotic Problems of Primate Procurement, Quarantine
and Research" was held and the proceedings are being prepared for publication.

There were 11 lost-time injuries and illnesses in 1975 as compared to six

in 1974. This gave a non-excessive frequency rate of 9.6, but the severity
rate of 130.9, which is considerably higher than desired. This high

severity rate was caused by five cases which resulted in 146 days of lost
work time. Two hernia cases accounted for 50 days; an illness alleged to

have been caused by exposure to formaldehyde accounted for 28 days; and a

broken wrist and a broken foot accounted for a total of 68 days.

The FCRC Safety Manual for Handling Chemical Carcinogens was published and a

Chemical Carcinogen Policy Committee was established. An industrial hygiene
and chemistry laboratory was equipped and a technician hired to aid the
Chemical Safety Officer. A concentrated effort is being made toward
developing a complete safety program for the handling, storage and disposal
of chemical carcinogens.

VO supports approximately 35 percent of this total effort.

Project 12 - Animal Breeding.' From January to December of 1975, a total of

406,362 mice, 107,741 rats, 25,607 guinea pigs, and 116 rabbits were issued
to using laboratories. Of this number, 18 percent were issued to FCRC and

NCI scientists at the Center, 49 percent to NCI in Bethesda, Md., and
33 percent to NCI scientists at other locations.

Nine mouse strains, one rat strain, and two guinea pig strains are being
produced for the stated purposes of FCRC and NCI. The production has been
stabilized at approximately 650,000 animals per year.

The FCRC nude athymic mouse colony has attracted international attention.
Almost 2,000 nudes are produced per month. During this reporting period no

difficulties have been reported from investigators' laboratories regarding
maintenance of this strain.
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Requests for animals by FCRC investigators continue to accelerate, resulting ^-«
in a tripling of animal numbers issued to the Center over the last year. ^ "

Requests have been received for the breeding of new strains, such as the
NSB, 129/J, CBA/J, C57L, A/J, and Fl and back-cross hybrids of C3H, C57BL,
129/ J, and the BALB/c.

The "Availability of Animals" report has aided the Animal Farm in success-
;

fully distributing surplus animals. This report is sent each Friday to all ^^!
FCRC and NCI users and lists animals excess to requirements for the following ^^1
week by species, strain, and sex. Veterinary Resources Branch (NIH) has i

developed a similar system.
j

The results of viral and bacterial testing indicate that colony health level
continues to be good and that the FCRC and NCI barrier colonies and FCRC
conventional colonies are free of all latent murine viruses.

The holding of large animals, such as sheep and goats, continues to expand i

as these animals are found to work well for the production of various serum
j

antibodies. Two pens (1061 and 1062) in the corral area have been renovated
to accommodate dogs with terminal cancer that have been transported to the I

Center. In addition, the facility includes surgery and x-ray facilities. \

Care of the dogs is the responsibility of the Animal Farm staff in coopera-
tion with the FCRC Basic Research Program.

1

VO supports approximately 25 percent of this work. i

Significance to Biomedical Research and the Program of the Institute : ^r\

Modified program design, its implementation, and subsequent accomplishments
have provided a considerable amount of pertinent new basic information on
problems concerning the elucidation of the role of viruses in neoplastic
disease relative to cause, detection, prevention and control. Significant
experimental results on possible mechanisms of host-virus interactions, on
biological, biochemical, and serological characteristics of oncogenic
viruses and their components, on vaccine control and on potential relation-
ships between viruses and human cancer have been obtained. In addition, a

number of high quality resources have been made available not only within
FCRC but also the outside scientific community in support of work in

virology, immunology, molecular biology, genetics, and electron microscopy.
Also, work supported by Viral Oncology continued to provide specific
information to FCRC and outside laboratories on the handling of hazardous
biological and chemical materials. Finally, high caliber laboratory
facilities were made available for special investigations and for visiting
scientists from both this country and abroad. ^^|

Proposed Course :
-

As indicated above, operations during the fourth year were restructured so
that work was no longer conducted under "Project" headings, but instead.

1826



performed as an increasingly integrated program within the DNA Virus, RNA
Virus, Disease Control, and Virus and Reagent Production/Developmental
Research Laboratories. For the fifth and subsequent years, considerable
program impact is anticipated with the recent appointment, as of January 5,

1976, of the Contractor's Director of Viral Oncology (DVO). As one example,
VO/FCRC operations will consist of programs not only for the four Laboratories
mentioned above but also for a fifth designated as the Director of Viral
Oncology Research, The purpose of the latter is to introduce a mechanism
for program flexibility that will enable the DVO to develop the VO/FCRC
research effort to maximal advantage. To initiate anticipated studies will

require an approximate 30 percent increase in program effort over last year.
In this connection it should be pointed out, however, that support for the

DVO's activities will not represent an increase in the overall Viral
Oncology Program at-large. Rather, the new VO/FCRC support will be derived
as a result of the redirection of program effort that had previously been
conducted at other laboratory sites. Moreover, the application of funding
consolidation in this manner is expected to provide a substantial increase
in VO Program cost effectiveness.

The Contractor's new Director of Viral Oncology (DVO) is expected to provide
a level of scientific expertise heretofore not available at FCRC. The
research effort that he has been requested to mount will not only fill

critical gaps in the VO effort, but also permeate and improve ongoing
programs so as to enhance their original value. It is anticipated that the

DVO will implement basic investigations to study the natural history of
oncogenic virus using immunological, virological and molecular biologic
methodology. Utilizing specific viral products, e.g. viral envelope
proteins and viral induced cell surface antigens, attempts will be made to

interrupt viral, chemical and spontaneous neoplasms in appropriate models.
Products of tumor cells potentially related or influencing host or tumor
cell responses will be completely characterized and assayed for biologic
activity.

More specifically it is further anticipated that the DVO will have particular
interest in the following areas of research: (a) Virus and Cell Production,
to provide a large-scale central resource for working materials; (b)

Immunochemistry, for the isolation, characterization, and antiserum
production of any viral or viral-associated protein; (c) Immunobiology of
RNA Viruses, for the development of radioimmunoassays for natural history
surveys in appropriate test systems; (d) Molecular Biology, to prepare
specific transcripts of RNA and DNA oncogenic viruses for studies of virus
interrelationships, relationship of viruses to host genomes, transcription
of viral genomes under experimental conditions, and preparation and
analysis of transcripts specific for certain viral functions; (e) Viral
and Cell Biology, to develop assays for test viruses, optimal cell lines
for virus production, mechanism of virus induction, localization of viral

genomes to specific chromosomes using somatic cell hybridization; and (f)

Primate (including human) Herpesviruses, to study transformation by these
viruses or their infectious DNA's. Thus, included among those research areas
for which the DVO will exert direct responsibility are a number of research
efforts in common with work that has been or will be implemented in the
DNA Virus, RNA Virus, Disease Control, and Virus and Reagent Production/
Developmental Research Laboratories.
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The VO/FCRC collaborative program with NCI investigators will also require
some increased support although this should be relatively modest. Two
NCI investigators, namely Dr. Hampar and Dr. Hatanaka, will be transferring
their laboratory operations to FCRC. The introduction of their programs,
could be offset to some extent by reductions in other collaborative
programs carried out at FCRC in past years. Recent in-house reviews of
the latter have resulted in termination of the Collaboration with Clinical
Oncology Groups program performed in the Disease Control Laboratory, and
termination of the Tumor Transplantation Antigen program, plus an approximate
50 percent cutback in the Primate Virus Section effort in the DNA Virus
Laboratory. Another program. Influence of Host Physiology on Oncogenesis
and Cellular Control, in the RNA Virus Laboratory, also will be reduced
20 percent.

Date Contract Initiated : June 26, 1972

Current Annual Level : $7,087,813 (This includes Viral Oncology's portion
of Contract NOl-CO-25423 and
Interdepartmental Support Agreement
with U.S. Army)
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NATIONAL CANCER INSTITUTE

Division of Cancer Cause and Prevention

Current Distribution of Funds - Fiscal Year 1976

•VIRAL ONCOLOGY*-

TASK
FORCES

4.1%

44.4%

33.4%

9.5%

5

5

CARCINOGENESIS

FIELD STUDIES
AND STATISTICS

8.6%

OFF]rCE OF

DIVISION
DIRECTOR
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OFFICE OF DIVISION DIRECTOR

Peters, James, A.

Gori, Gio B.

Flamni, W. Gary
Kraybill , Herman F.

Depue, Robert H. , Jr.

Owen, Thomas B.

Director
Deputy Director
Assistant Director
Sci. Coord, for Environ.
Scientist Director
Microbiologist

Cancer

Frederick Cancer Research Center

Payne, William W.

Carey, James K.

Bourland, Orley R. , Jr.

Carter, Richard C.

Sci. Coordinator for'FCRC
Expert
Biochemical Engineer
Administrative Officer

Administrative Management Branch

Miller, John M.

Olimi^io, Nicholas A.

Velthuis, Robert, Jr.

Crane, Damian

Administrative Officer, Chief
Administrative Officer
Administrative Officer, Viral Oncology
Administrative Officer, Carcinogenesis
Admin. Officer, Field Studies & Stat.

Office of Associate Director for Field Studies & Statistics

Schneiderman, Marvin A.

Fox, Bernard H.

Fears, Thomas R.

Associat-^ Director
Research Psychologist
Staff Fellow

Biometry Branch

Office of the Chief

Haenszel , William M.

Murray, James L.

Levin, David L.

Brown, Charles C.

Locke, Frances 8.

Chiei*

Vet. Officer Director
Sr. Surgeon
Res. Math. Statistician
Statistician

Automatic Data Processing Management Section

ft)

Weiss, Theodore
Larson, James E.

Stump, James M.

Cusano, Mary M.

Van Hoi ten, Valerie
Gales, Altamease A.

Myer, Margaret D.

Jenkins, George R.

Digital Comp. Systems Admin.

Computer Systems Analyst
Computer Specialist
Computer Specialist
Computer Specialist
Computer Programmer

Computer Systems Analyst
Computer Programer

Head
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Biometry Branch (continued)

Clinical & Diagnostic Trials Section •
Byar, David P.

Gail, Mitchell H.

Green, Sylvan B.

Corle, Donald K.

Koziol , James A.

Muenz, Larry R.

Medical Officer, Head
Sr. Surgeon
Surgeon
Computer Systems Analyst
Staff Fellow
Staff Fellow (France)

Demography Section

Young, John L. , Jr.

King, Haitung
Scotto, Joseph
Connelly, Roger R.

Percy, Constance L.

Horm, John W.

Devesa, Susan S.

Sr. Scientist
Research Sociologist
Sr. Health Services Officer
Statistician (Health)
Statistician (Health)

Sr. Asst. Health Serv. Officer
Statistician

End Results Section

Myers, Max H.

Lourie, Will iam I .

,

Axtell, Lillian M.

Hankey, Benjamin F.

Prorok, Phil ip C.

Baranovsky, Anne
Heise, Herman W.

Shambaugh, Evelyn M.

Asire, Ardyce J.

Silverman, Debra T.

Jr.

Res. Mathematician, Head

Statistician (Health)
Statistician (Health)

Res. Math. Statistician
Staff Fellow
Statistician (Health)
Statistician (Health)
Statistician (Health)

Statistician (Health)

Statistician (Health)

Field Liaison Section

Geller, Harvey
Baylis, Paula H.

Statistician (Health), Head

Supv. Stat. Officer

Mathematical Statistics & Applied .Mathematics Section

Gart, John J.

Connor, Robert J.

Pettigrew, Hugh M.

Thomas, Donald G.

Layard, M.W.

Nam, Jun-Mo
Tarone, Robert E.

Smith, Alroy M.

Res. Mathematician, Head

Res. Math. Statistician
Res. Mathematician
Res. Math. Statistician
Sr. Staff Fellow
Math. Statistician
Staff Fellow

Statistician (Health)
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Environmental Epidemiology Branch

Office of the Chief

Fraumeni, Joseph F., Jr.

Blattner, William A.

Blot, William J.

Greene, Mark H.

Chief
Surgeon
Statistician
Surgeon

Environmental Studies Section

Hoover, Robert N.

Mason, Thomas J.

McKay, Frank W., Jr.

Surgeon, Head
Statistician (Health)

Computer Systems Analyst

Clinical Epidemiology Branch

Office of the Chief

Miller, Robert W. Medical Officer, Chief

Clinical Genetics Section

Mulvihill , John J. Surgeon, Head

Epizoology Section

Priester, William A., Jr.

Hayes, Howard
Vet. Officer, Head

Vet. Med. Officer

Special Cancer Studies Section

Miller, Robert W. Acting Head

Boston Field Station

Li, Frederick P. Sr. Surgeon, Head

Office of Associate Director, Carcinogenesis Program

Saffiotti, Umberto
Cooper, John A. , II

Warner, Charles R.

Chen, Beatrice
Idoine, Jane B.

Associate Director
Chemist, Deputy Assoc. Director
Chemist
Res. Chemist, FCRC

Res. Chemist, FCRC
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Office of Coordinator for Collaborative Research

Heim, Allen H. Microbiologist, Chief ijS'
Pledger, Richard A. Microbiologist (Sci. Adm.) ^S^
Dunkel , Virginia C. Microbiologist
Kaplan, Ann E. Chemist
Litwack, Marcia D. Chemist
Smith, Carl E. Chemist
Sontag, James M. Microbiologist (Sci. Adm.)
Longfellow, David Biologist (Sci. Adm.)

Carcinogen Bioassay and Program Resources Branch

Office of the Chief

Page, Norbert P. Vet. Officer, Dir., Chief j

Cameron, Thomas P. Vet. Officer, Dir. '

Cueto, Cipriano Pharmacologist
Siegel , Sidney Biologist
Chu, Kenneth C. Chemist
Chase, Joan W. Tech. Info. Spec. (Phy. Sci.)
Linhart, Mary S. Computer Programmer

Carcinogen Metabolism and Toxicology Branch

Office of the Chief

Weisburger, Elizabeth K. Scientist Dir., Chief
Evarts, Ritva Visiting Scientist
Gothoskar, Sunanda Visiting Associate
Grantham, Preston Res. Chemist

Nutrition and Metabolism Section

Poirier, Lionel A. Res. Chemist, Head
Yamamoto, Richard Res. Chemist
Nishinaga, Keiji Visiting Fellow
Raj, H.G. Visiting Fellow

Analytical Chemistry Section

Keefer, Larry K. Chemist, Head ^^V'

'

Roller, Peter P. Chemist ]

Uhm, Sung J. Visiting Fellow
i

m
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Biology Branch

Office of the Chief

Rapp, Herbert J.

Borsos, Tiber
Altman, Amnon
Okuda, Takao
Ruco, Luigi

Chief
Associate Chief
Visiting Fellow
Visiting Fellow
Visiting Fellow

Cellular Immunity Section

Zbar, Berton Sr. Surgeon, Head

Cytogenetics and Cytology Section

DiPaolo, Joseph A.

Evans, Charles H.

,

Myhr, Brian
Donovan, Paul

Nelson, Richard

Jr.

Res. Pharma. , Head
Sr. Surgeon
Sr. Staff Fellow
Chemist
Biologist

Immunochemistry Section

Borsos, T.

Ohanian, Sarkis
Langone. John
Schlager, Seymour
Boyle, Michael
Yarkoni, Eli

Research Chemist, Head
Research Microbiologist
Staff Fellow
Staff Fellow
Visiting Fellow
Visiting Fellow

Tumor Antigen Section

Leonard, Edward
Meltzer, Monte S.

Lett-Brown, Michael

Medical Director, Head
Surgeon
Visiting Fellow

Chemistry Branch

Office of the Chief

Gelboin, Harry V.

Nemoto, Nobuo
Chief
Visiting Fellow
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(Chemistry Branch cont.)

Cell Growth Regulation Section

Bader, John
Hatfield, Dolph
Harris, Rudolph
Brown, Nancy
Caicuts, Mary Jane
Ray, David A.

Okazaki , Takumi

Research Microbiologist, Head
Research Biologist
Staff Fellow
Research Biologist
Research Chemist
Research Chemist
Visiting Fellow

Molecular Carcinogenesis Section

Gelboin, Harry V.

Yang, Shen K.

Acting Head

Senior Staff Fellow

Nucleic Acids Section

Peacock, Andrew
Kakefuda, Tsuyoshi
Day, kufus
Ohki, Kazunori

Acting Head
Medical Officer, Research
Research Phys. Sci

.

Visiting Fellow

Protein Section

Peacock, Andrew
Green, Marie
Bunting, Sylvia
Pastewka, Jullia

Research Chemist,
Research Chemist
Chemist
Chemist

Head

Experimental Pathology Branch

Office of the Chief

Saffiotti, Umberto Chief

Differentiation Control Section

DeLuca, Luigi
Frot-Coutaz, Jacques

Research Chemist, Head
Visiting Fellow

Tumor Pathology Section

Lingeman, Carolyn
Barrett, Margaret
Goodman, Dawn

Medical Officer, Pathology
Biologist
Vet. Medical Officer
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(Experimental Pathology Branch cont.)

Human Tissue Studies Section

Harris, Curtis C. Surgeon, Head

Perinatal Carcinogenesis Section

Rice, Jerry M.

Joshi , Sewa

Senior Scientist, Head
Senior Staff Fellow

In Vitro Pathogenesis Section

Yuspa, Stuart H.

Hennings, Henry
Morgan, David L.

Senior Surgeon, Head

Research Chemist
Biologist

Lung Cancer Branch

Office of the Chief

Sporn, Michael B.

Frolick, Charles A.

Smith, Joseph

Medical Director, Chief
Senior Staff Fellow
Biologist

Lung Cancer Pathogenesis Section

Sporn, Michael Acting Head

Office of the Associate Director, Viral Oncology Program

Moloney, J.B.

Sibal , Louis R.

Hearn, Henry J.

Goldberg, Robert J.

Jordan, Elke

Reisinger, Robert C.

Zeve, Victor H.

Associate Director
Deputy Associate Director
Microbiologist (FCRC)

Microbiologist
Chemist
Veterinarian
Research Biologist (FCRC)

Office of Program Resources & Logistics

Gruber, Jack
Howell , David M.

Keefer, Garrett V.

Sekely, Lea I.

Varrato, Wilma

Microbiologist, Chief
Microbiologist
Microbiologist
Microbiologist
Computer Programmer
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Office of Biohazard Safety

Hellman, Alfred
Twardzik, Dan
West, David L.

Biohazards Research Section

Fowler, Arnold
Allen, Patton T.

Strickland, James E.

Sun, Bill N.

Kouttab, Nichola M.
Saviolakis, George

Scientist Director, Chief
Chemist
San. Engineer

Sr. Scientist, Head
Microbiologist
Biochemist
Sr. Staff Fellow
Visiting Fellow
Visiting Fellow

Colloborative Research Branch

Office of the Chief

Manaker, Robert A.
Duff, James T.

RNA Virus Studies Section

Duff, James T.

Woods, Wilna

DNA Virus Studies Section

Guss, Maurice

Clinical Studies Section

Luecke, Donald

Research Microbiologist, Acting Chief
Research Microbiologist, Assoc. Chief

Research Microbiologist, Acting Head
Research Microbiologist

Microbiologist, Acting Head

Expert, Acting Head

Breast Cancer Virus Studies Section

Gaylord, Clarice

Laboratory of DNA Tumor Viruses

Office of the Chief

Manaker, Robert A.
Hampar, Berge

Health Scientist Administrator,
Acting Head

Research Microbiologist, Acting Chief
Dent. Director, Acting Asst. Chief

f^€
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(Lab. of DNA Tumor Viruses Branch cont.)

Microbiology Section

Hampar, Berge
Brown, Ashley M.

Aulakh, Gurmit S.

Dent. Director, Head
Sr. Dent. Surgeon
Visiting Fellow

Virus Tumor Biochemistry Section

Vande Woude, George
Andrese, Angel o P.

Ascione, Richard
Ebert, Paul S.

Graham, Bettie J.

Oskarsson, Marianne
Robey, William G.

Simonds, Josephine
Stansly, Pauline

Research Chemist, Head
Microbiologist
Research Chemist
Research Chemist
Biologist
Chemist
Biochemist
Microbiologist
Biologist

Primate Virus Section (FCRC)

Ablashi, Dharam V.

Easton, John M.

Armstrong, Gary
Bengali, Zakir H.

Cell Physiology Section

Hatanaka, Massakazu

Research Microbiologist, Head
Sr. Surgeon
Biologist
Visiting Fellow

Expert, Acting Head

Laboratory of Tumor Virus Genetics

Office of the Chief

Scolnick, Edward
Bader, Artrice V.

Shih, Thomas Y.

Ishimoto, Akinori
Levin, Reuven

Medical Officer (Res.), Head

Research Biologist
Expert
Visiting Scientist
Visiting Fellow

Viral Biochemistry Section

Bassin, Robert
Gerwin, Brenda I.

Peebles, Paul T.

Duran-Troise G.

Microbiologist, Head
Chemist
Sr. Surgeon
Visiting Fellow

1839



(Lab. of Tumor Virus Genetics Branch cont.)

Viral Immunoqenetics Section

Parks, Wade
Dahlberg, John E.

Wolford, Ronald G.

Sr. Surgeon, Head
Microbiologist
Microbiologist

Laboratory of RNA Tumor Viruses

Office of the Chief

Huebner, Robert
Chirigos, Michael
Aaronson, Stuart
Huebner, Harriet
Wolford, Nancy K.

Medical Director, Chief
Research Chemist, Asst. Chief
Sr. Surgeon, Acting Asst. Chief
Program Assistant
Biologist

Serology Unit

Hill, Paul R. Supv. Bir^. Lab. Tech.

Molecular Biology Section

Aaronson, Stuart
Reynolds, Roberta K.

Sr. Surgeon, Head
Microbiologist

Viral Genetics Section

Stephenson, John
Tronick, Steven R.

Microbiologist, Acting Head
Microbiologist

Animal Virology & Field Studies Section

Sarma, Padman
Devare, S. G.

Research Microbiologist, Head
Visiting Fellow

Viral Immunotherapy Section

Pearson, John
Klein, David

Microbiologist, Acting Head
Expert

Virus & Disease Modification Section

Chirigos, Michael
Merwin, Ruth M.

Papadopoulos, Nicholas
Stylos, William

Papamatheakis, Joseph

Research Chemist, Head
Research Microbiologist
Expert
Expert

Visiting Fellow
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(Lab. of RNA Tumor Viruses Branch cont.)

RNA Viral Immunology Section

Kelloff, Gary
Arnstein, Paul

Kende, Meir

Sr. Surgeon, Acting Head

Vet. Officer, Dir.

Expert

Laboratory of Viral Carcinogenesis

Office of the Chief

Todaro, George J.

Fischinger, Peter
Aoki , Tadao
Biggar, Robert J.

Leiseca, Sergio A.

Levine, Paul H.

Plata, Ernest J.

Perkins, Ida Virginia

Medical Officer, Chief
Medical Officer, Acting Asst.

Medical Officer, Acting Asst.

Sr. Surgeon
Research Biologist
Medical Officer (Research)

Microbiologist
Microbiologist

Chief
Chief

Virus Control Section

Fischinger, Peter
Haapala, Daniel K.

Nomura, Shigeko
Phillips, Leo
Pang, Roy H.

Medical Officer, Head

Microbiologist
Visiting Scientist
Microbiologist
Visiting Fellow

Immunology Section

Aoki, Tadao
Brandchaft, Phyllis

Chen, Ji H

Kvedar, John P.

Okazaki, Etuso
Kimura, Hideki

Medical Officer, Head

Microbiologist
Staff Fellow
Bio. Technologist
Visiting Scientist
Visiting Fellow

Ultrastri:tural Studies Section

Heine, Ursula
Suskind, Gerald
Elliott, Benjamin F. Jr.

Research Microbiologist, Head

Medical Director
Bio. Lab. Tech. (Micro)
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(Lab. of Viral Carcinogenesis Branch cont.)

Cell Biology Section

Boone, Charles W.

O'Brien, Stephen J.

Orme, Thomas
Piranjpe, Meera
Takeichi , Noritoshi
Koegel , Robert J.

Medical Officer, Head
Biologist
Microbiologist
Biologist
Expert
Res. Chemist

Viral Leukemia & Lymphoma Section

Todaro, George
Benveniste, Raoul E.

Bonner, Tom I.

Callahan, Robert
DeLarco, Joseph
Marshall , Thomas
Peries, Georges
Slierr, Charles J.

Sen, Arup

Medical Officer, Head
Biologist
Expert
Biologist
Virologist
Expert
Expert
Surgeon
Visiting Fellow

Tumor Virus Detection Section

Schlom, Jeffrey Microbiologist, Acting Hoad
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